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EXECUTIVE SUMMARY

- The Crab Orchard National Wildlife Refuge ("the Refuge"), Marion,

Illinois, Is owned by the U.S government and is currently administered by the

U.S. Fish and Wildlife Service (FWS). This area was previously administered by

the Department of Defense (DOD). During the DOD administration, a number of

wartime industries operated on the eastern portion of the refuge in the early

1940s. These industries were primarily involved with the manufacture of

munitions, although non-military industries also operated. A few industries

continue to operate at the Refuge under the FWS administration. Although the

western portion of the Refuge is a popular recreation area, public access is

generally limited to authorized personnel on the eastern portion. A site map

showing the Refuge boundaries is included as Figure 1-3.

Several investigations performed in the last decade have indicated the

presence of polychlorinated biphenyls (PCBs), lead, and arsenic in soils within

the eastern portion of the Refuge. The objectives of this Remedial

Investigation (Rl) are to define the nature and extent of contamination at the

Refuge, and to assess the potential impacts from these contaminants to human

health, wildlife, and the environment. The Rl assessments will form the basis

for a Feasibility Study (FS) to be completed following the submission of the

Rl Report. Follow-up remedial actions, where needed, will be evaluated as part

of the FS.

The Refuge consists of 35,000 acres of forested land, pine plantations, and

cultivated land. There is a large wildlife population, including deer, rabbits,

bald eagles, ducks, and quail. In addition, Crab Orchard Lake provides sports

fishermen with largemouth bass, catfish, sunfish. and crappie.
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The Rl addressed thirty-three sites at the Refuge, including two 'control*

or background sites. A majority of the investigated sites are located on or near

tributaries or drainage-ways that discharge into Crab Orchard Lake. Additional

sites are Investigated within the eastern area of the Refuge where disposal
• f -

activities were known or believed to have occurred, based on the records

provided by the Refuge Manager or the recollection of industrial or Refuge

employees. Crab Orchard Lake is also evaluated as a study site in this

investigation, since it is currently used as a drinking water supply for the

Refuge, industrial tenants, and a nearby penitentiary. The lake has also been

used once or twice within the past ten years as an auxiliary intake for the City

of Marion; however, the city backup supply intake is now drawn from Herrin

Lake.

Field work for the Rl was performed in two phases. The Phase I

investigation consisted of: geophysical surveys; hydrogeological investigations;

the collection of soil, surface water, and sediment samples; and the analytical

screening of these samples. The objective was to assess the presence and the

potential for migration of contaminants. Where possible, analytical parameters

for the Phase I screening were selected based on the results of previous

investigations and the knowledge of historical site uses; otherwise, broad

analytical scans were employed in the analyses.

The Phase II program consisted of additional sampling and analysis to

supplement and verify the Phase I data and to better define the extent of

contamination at sites where contaminants had been detected during Phase I.

Ground water and fish samples were also analyzed as part of Phase I). The

analytical parameters for the Phase II analyses were generally selected based on

the results of the Phase I characterization, using lower limits of detection or

more specific analytical protocols to further define the areas of contamination.
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Risk assessments were performed to evaluate the environmental effects of

the detected contaminants. The assessment of environmental effects includes a

•"''•.,,.."" qualitative assessment to determine the existence of a contaminant source, a

viable, transport route, and a potential receptor at risk of exposure. If all three

components are identified, a quantitative assessment is performed to evaluate

thus potential for, and the significance of such exposures to human or wildlife

receptors. Where applicable or relevant, the concentrations of contaminants are

compared to state and federal criteria or standards. See Table ES-1.

Table ES-2 provides a summary of the actions which are recommended for

each study site evaluated in the Rl. Of the thirty three (33) sites, seven (7)

sites have been suggested for further evaluation in the FS. including Sites 15,

17, 22, 28, 29, 32, and 33. Sites 3, U and 19 have been recommended for

further evaluation by the Department of Defense, since the preliminary

screening of these sites in Phase I of the Rl did not allow a definitive

recommendation regarding the traces of nitrosamines residues detected at those
'' \nitS

sites. Fifteen (15) sites (including the two control sites) have been determined

to pose insignificant or negligible risk under current conditions, and, on this

basis, are concluded to require no further evaluation in the FS. The remaining

eight (8) sites consist of waterways downstream of active industrial operations;

these sites have been recommended for continuing periodic monitoring to ensure

that water quality does not deviate from the baseline conditions observed during

th« Rl. Attachment 1 details the following proposed monitoring programs:

Sites 10 and 11 (Waterworks North Drainage and P Area Southeast

Drainage Channels), might be monitored quarterly for cyanide, iron,

magnesium, manganese, mercury, and phthalates in water; full scans

of volatile/semi-volatile compounds will be monitored annually;
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Site 14, Solvent Storage, might be monitored quarterly for volatile*

(methylene chloride, acetone, chloroform), and phthalates in water;

Site 16, Area 7 Industrial Site Ditch, might be monitored quarterly

for volatile and semi-volatile organics (chloroform, carbon

tetrachloride, polyaromatic hydrocarbons), and pesticides (aldrin,

dieldrin) in water;

Sites 25, 26, and 27 along Crab Orchard Creek might be monitored

quarterly for cyanide, magnesium, manganese, TOC, and TOX in

water; and.

Site 34, Crab Orchard Lake, might be monitored for pesticides/PCBs,

and arsenic in water.

A site-by-site summary of the Rl and risk assessment results follows:

Control Sites; Background concentrations for all analytical parameters

surveyed in this investigation are defined by the analyses of soil and

groundwater matrices at two control sites. Sites 30 and 31, the Refuge

Control and Munitions Control sites. These sites are known to be removed

from previous and present potential sources of contamination. The

constituent concentrations detected at the investigated sites were compared

to those detected at the control sites.

Site 3, Area 11 South Field: This site is an area located adjacent to

an old railroad spur that served abandoned explosives and nitrogen

fertilizer manufacturing areas. Phase I analyses of three composite surface

soils (from the north, south and east banks) and two composite sediments

(one from the marsh and one from the lower stream) indicated traces of

HMX (Octahydro-1,3, 5,7-tetranitro-l ,3,5,7-tetrazocineJ and KUA

(Hexahydro-1,3, 5-trinitro-s-triazine), as well as elevated lead and zinc.
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The one soil sample screened for organics indicated vthe presence of

N-nitrosodlphenytamine and 2,6-dlnitrotoluene.

The Refuge Manager indicated that the DOD will be responsible for

further evaluation of this site.

Site A, Area 11 North Field: This field appears to have been the site

of a two to three acre impoundment; the area is dry except for small

intermittent streams or marsh areas bordering the east and west

boundaries. RDX or magnesium may have been stored underwater here, or

the site may have been used for experimental detonations of explosives.

Phase I analyses of one composite surface soil and one composite sediment

sample (from the marsh) indicated elevated levels of nitrate and

2,4-dinitrotoluene in soil. Heavy metal concentrations were consistent with

concentrations detected at the control sites with the exception of sodium.

The sediment was resampled for full CLP organics screening and indicated

the presence of N-nitrosodimethylamine.

The Refuge Manager indicated that the DOD will be responsible for

further evaluation of this site.

Site 5, Area 11 Acid Fond: Site 5 is a diked impoundment which

received drainage from the Area 11 process buildings. As discussed above

(Sites 3 and 4), Area 11 was previously used for explosives and nitrogen

manufacturing and for munitions loading. The pond discharges to a small

stream. The Refuge Manager recalled verbal accounts that an area

downstream of the pond became devoid of vegetation due to an accidental

release of acidic water from the pond. Phase I analyses OT one suriac.e

water, one sediment, and one soil sample indicated that the acidic residuals

had been neutralized or dissipated. The sediment and soil containedK

chromium, but none was detected in the water. The sediment sample
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screened for organics indicated the presence of N-nitrosodimethylamine and

di-n-octyl phthalate, although phthalates were also detected at the control

sites. One surface water was analyzed and found to contain iron and

manganese above the Illinois and Federal secondary (aesthetic-based) water

standards. No Phase II sampling was conducted because an evaluation of

the data did not warrant further investigation. An evaluation of these data

showed that contaminant levels do not represent a concern or risk of expo-

sure to humans or to wildlife.

Site 7, D Area SE Drainage Channel; This site includes a segment of

the drainage channel leading from the active industrial facilities in the Olin

D Area. The drainage channel eventually discharges to Crab Orchard

Lake. Phase I analyses of one composite sediment showed that magnesium

was the only constituent that was elevated above the levels detected at the

control sites. One surface water sample was analyzed and found to contain

iron and manganese above the Illinois Public Water Supply and Federal MCL

secondary standards. The concentration of total organic halides (TOX) in

the water sample was slightly elevated, but volatile organics were not

detected. Phase II analyses were limited to the confirmation of the Phase 1

mercury level, due to poor calibration data in the Phase I data point, and

showed levels similar to those found at the control sites.

No contaminants were found to represent a concern or risk of

exposure, thus no further evaluation appears warranted. A monitoring

plan for waters downgradient of this site is proposed, however (see Site

10), due to active industrial activities within the D and P areas.

Site 7A, D Area North Lawn: Barrels of chemicals were reportedly

dumped on a knoll within this lawn located northwest of the Olin D Area

Complex. No evidence of a knoll remains; only a number of depressions
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with brown patches were noted. Phase I analyses of six composite soils

sampled up to a depth of 3 ft and along three field transects Indicated

that concentrations were consistent with those detected at the control

sites. Geophysical surveys performed at this site did not reveal any

unusual subsurface metallic objects or free liquids. One soil composite was

resampled for full organics analyses, in which di-n-octylphthalate was

detected, but this compound was also found at the control sites and

possibly as a lab contaminant also. In Phase II, the same locations were

resampled to a depth of 1 ft to confirm the Phase I mercury

concentrations.

The evaluation of environmental effects determined that the low

contaminant levels would not represent a concern or risk of exposure. No

further evaluation of this site is recommended.

Site 8, D Area Southwest Drainage Channel: Site 8 includes a parallel

but opposite branch to the Site 7 Drainage Channel; both channels lead
ini'

from the Olin D Area and discharge into Crab Orchard Lake at Site 10.

Phase I analyses of one surface water and one sediment sample indicated

that the water met the Illinois and Federal standards for all parameters

except manganese which was slightly above the aesthetic-based standard.

The water contained elevated TOX, but no volatile organics were detected.

The sediment contained concentrations consistent with those detected at the

control sites with the exception of magnesium.

No Phase II sampling was conducted because the levels detected in

the Phase I screening did not justify the need for additional investigation.

Contaminant levels were not considered to represent a concern or risk of

exposure. No further evaluation of this site is recommended, with the
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exception of periodic monitoring of downgradient waters where these

drainage channels converge.

Site 9, P Area Northwest Drainage Channel; This site is located

downgradient of Sites 7 and 8 channels; leading drainage from the Olin P

Area (currently an active industrial area) and discharging into Crab

Orchard Lake. Phase I analyses of one composite surface water and one

composite sediment sample detected low levels of cyanide and mercury in

sediment, but neither parameter was detected in the surface water. The

water sample contained a high TOX concentration but no volatile organics

were detected. Cyanide levels in sediment were reanalyzed in Phase It

survey to confirm the Phase I level; the results showed that the cyanide

concentration was below the detection level of 5 mg/kg.

Contaminant levels were not considered to represent a concern or risk

of exposure. No further evaluation appears warranted, although continuing

industrial activities in the area would suggest routine monitoring of these

waterways (see Site 10).

Site 10, Waterworks North Drainage Channel: Site 10 includes the bay

where various drainage ways leading from Areas D and P converge prior to

entering Crab Orchard Lake. Phase I analyses of one composite surface

water and one composite sediment sample indicated the presence of

phthalate esters and cyanide in the sediments, but not in the water. The

detection of phthalates may be overstated since these compounds may have

been present as lab contaminants and were also detected at the control

site. The sediment was sampled twice, first for a general screening

analyses and then to perform a full CLP organics scan. The water

contained iron and manganese at levels which exceeded the secondary

standards for Illinois and Federal Drinking Waters. Cyanide concentrations
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were below the detection limit of 5 mg/kg in the Phase II resampling and

analyses of five grab sediment samples and one composite surface water

sample, but phthalates were again detected in the sediments. Phthalates

were also detected as a lab contaminant.

Contaminant levels were not considered to present a potential risk to

humans, wildlife, or the environment. However, due to the site's proximity

to the Refuge Waterworks intake, and continuation of industrial activities

in this area, it is recommended that periodic monitoring be conducted as

proposed in Attachment 1.

Site 11, P Area Southeast Drainage Channel; Site 11 Drainage Channel

collects surface water from upstream Areas D and P, and runs parallel to

the branch which conforms Site 10. Site 11 consists of the bay area

formed as these channels discharge to Crab Orchard Lake. Phase I

analyses of one composite surface water and two composite sediment,

samples indicated that the water contained HMX as well as an elevated TOX

concentration. Manganese was detected in the water slightly above the

Federal MCL. A second sediment composite was taken for full CLP

organics: the results showed that the concentrations of all parameters were

consistent with those detected at the control sites with the exception of

mercury. .In Phase II, one composite water sample and one composite

sediment sample were resampled and analyzed for cyanide and mercury.

Neither parameter was detectable in the water, and mercury levels in

sediment were not atypical of the levels usually found in soils.

No contaminants were detected that might pose a threat to human

health, wildlife or the environment, based on the risk evaluation performed

for this site. No evaluation of remedial alternatives is considered,
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although a follow-up monitoring program (see Attachment 1) might be

instituted to monitor active industrial activities in the area.

Slt« 11 A, P Area North; This site includes an abandoned L-shaped

- covered walkway which terminates in loading areas. Chemicals may have

been dumped outside of these buildings. Phase I analyses of eight

composite soil and sediment samples from various locations throughout the

site indicated that magnesium levels in samples outside three doorways

were generally an order of magnitude greater than the levels found at the

control sites or elsewhere at this site. A maximum lead concentration of 130

mg/kg was measured in one sample while ail other samples were similar to

the control sites (about an order of magnitude lower). One soil sample

screened for full CLP organics indicated the presence of di-n-ootyl

phthalate; it is noted that this compound was also detected at the control

sites, however. Mercury analyses were repeated in Phase II showing that

,ntts this parameter is not present at levels to constitute a concern.

The concentrations of site indicator contaminants were not found to

constitute a risk of exposure. No further evaluation of this site is

recommended.

Site 12, Area 14 Impoundment: This site is a circular dry

impoundment of approximately 100 ft diameter which is no longer used.

Munitions loading activities took place in Area 14 in the past; currently,

this general area is occupied by Diagraph Bradley for the manufacture of

printing inks and stencils. Phase I analyses of one composite soil and one

composite sediment sample showed relatively high organic indicators such

as TOC and FID screen. The sediment was resampled for a full priority

pollutant analysis, but only N-nitrosodiphenylamine and trace microgram
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levels of various base/neutral extractable compounds were detected. No

Phase II sampling was warranted for evaluation of the site.
'• ..."

The evaluation of environmental effects for this site concluded that

/th~e potential risk levels are within the range considered acceptable for

protection of human health and wildlife species. No further evaluation of

this site is recommended, and this site will not be addressed in the FS.

Site 13, Area 14 Change House; Site 13 is currently an open field

covered with tall grasses, but was previously the site of a building where

munitions workers changed their clothing. A geophysical survey of the

area and analyses of six composite surface soil samples indicated that all

concentrations were consistent with those detected at the control sites. No

Phase II sampling was needed.

Based on the known history of the site and the results of the site

characterization which did not show any contaminants of concern, the site

•"' was not considered to represent a risk of exposure. No further evaluation

of this site is recommended.

Site 14, Area 14 Solvent Storage Ditch; This site includes a portion

of a small, intermittent drainage ditch adjacent to a manufacturing area

where solvents are handled. Phase I analyses of two composite surface

water samples indicated that chloroform was present in both samples at

levels above the Ambient Water Quality Criteria (AWQC) for human health,,

even though these were orders of magnitude below the same criteria for

aquatic life protection. One of the sediments was resampled and analyzed

for full CLP organics, and was found to contain acetone, methylene

chloride and low traces of N-nitrosodimethylamine. Acetone levels may have

resulted due to contamination of the sampling equipment, since an acetone

rinse was applied to avoid cro -contamination. Phase II results confirmed
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the presence of chloroform and methytene chloride in the water, although

methylene chloride was also detected In the blanks. The volatites were

'•"""'" again measured above the AWQC for human health protection. The sediment

-sample analyzed in Phase II contained methylene chloride and phthalates,

but the phthalates were also present as a lab contaminant.

The site-specific risk assessment evaluated the levels of all

parameters detected, but focussed on methylene chloride due to its

persistence in the stream sediments. A recommended monitoring program

was developed to ensure that contaminant levels in water do not pose a

risk of exposure to humans or terrestrial or aquatic wildlife. In addition,

improved housekeeping practices were recommended for the handling of

solvents in the area. In its current condition, the site was not considered

a concern for protection of human health or wildlife. Site 14 will not be

evaluated in the FS.

, Site 15, Area 7 Plating Pond: The Area 7 pond reportedly receivediimi i' s r r '

plating wastewater from nearby, previously active industrial operations; an

inlet pipe was located but it appears the pond has no outlet. Phase I

analyses ~of one surface water composite and one sediment composite

indicated that the water met Illinois and Federal MCL standards for all

parameters except iron. The sediment contained approximately 500 mg/kg

chromium; in addition, a full CLP organics screening indicated the

presence of the pesticide alpha-endosulfan. Phase II investigations

consisted of one ground water sample as well as analyses of one composite

sediment sample for extractable chromium. Unfiltered ground water

contained arsenic, lead, and chromium, none of which were detected in the

filtered ground water. No volatlles or pesticides were detected in the
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water* Th« Extraction Procedure Toxicity analysis showed that the pond

sediments are non-hazardous.

Although the levels of parameters were not considered to represent a

.concern or risk of exposure, it is recommended that the site be considered

in the FS to evaluate alternatives for pond closure.

Site 16, Area 7 Industrial Site: Area 7 consists of a complex of 33

buildings which have been used for a variety of industrial purposes during

the past 40 years. Most of these buildings are currently used for dry

warehousing purposes, but three structures are occupied by Pennzoil for

waste oil recovery and recycling. Black oily spots were noted around

some of these buildings. Site 16 consists of the drainage ditch which

traverses the Area 7 complex from south to north.

Phase I analyses of two surface water composites indicated that the

surface water met the Illinois and Federal MCL standards for all parameters

except manganese. However, one of the water samples contained traces of

chloroform and carbon tetrachloride at levels above the AWQC for human

health, although not above the same criteria for aquatic life protection.

Three composite sediment samples were also taken from the ditch and nine

surface soil composites were taken from areas where black stains were

noted. Trace amounts of base/neutral extractable compounds were detected

in two of the soil samples and one sediment sample. All other

concentrations were consistent with those detected at the control sites.

Phase II sampling involved the collection of one surface water composite

and one sediment composite from the ditch downstream from the Phase I

samples. All parameters analyzed in these downgradient samples were

within the Federal and State standards. Traces of chloroform,

chlorobenzene, and phthalates were detected in the sediment; however, the
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levels present did not present a concern for toxicity or were also present

in the lab blanks (phthalates).

The mJcrogram levels of volatile and semi-volatile constituents detected

r\n the ditch and/or in isolated locations in the building complex were not

considered to present a potential risk to humans, wildlife, or the

environment. Periodic monitoring of the ditch water could be conducted

(see Attachment 1) to monitor the oil recycling operation and prevent

off site transport of potential contaminants. No additional study is

recommended other than routine monitoring.

Site 17, Job Corps Landfill; This site includes both an inactive,

abandoned landfill, and an adjacent 10-acre pond. Phase I analyses of

seven surface area! composite soils indicated the widespread presence of

PCBs and lead; in addition, cadmium and trace parts per million of the

explosive tetryl were detected in some of the samples. Phase II of the

survey included 0-3 ft depth soil cores spaced in a grid pattern

throughout the landfill, installation and sampling of five groundwater

monitoring wells, six sediment samples and two composite water samples

from the-pond. The Phase II analyses confirmed the presence of PCBs and

lead in all surface soil and sediment samples up to a depth of 1 ft. Deeper

soil cores obtained from the landfill did not show elevated levels of

contaminants. A depth profile of contaminants within the pond sediment has

not been characterized, although, based on the distribution of

contaminants in the landfill, it would be expected that PCBs and lead

levels in the pond may also be limited to the surface of the basin. Total

chromium (in groundwater) and PCBs (in groundwater and in the pond)

were above the regulatory criteria for some water samples. The PCS

concentrations measured in the pond water were above the AWQC for
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chronic exposure to both aquatic species and humans, but well below the

level established for acute exposure (maximum concentration). Total lead

was also above the Federal MCL for one well water; chloroform and

pe~ntachlorophenol were detected above the AWQC for two ground water

samples.

Additional characterization of the pond and of the teachability of

metals within the soils of the landfill is recommended. A detailed wildlife

and human risk assessment was performed to establish that the exposed

waste contaminants must be remediated, to prevent exposure to terrestrial

mammals or occasional site trespassers. This site is recommended for

further evaluation in the FS.

Site 18, Area 13 Loading Platform: Site 18 consists of a long concrete

pad (roughly 235 ft by 10 ft) and its immediate surroundings. The general

area around the site contains approximately 85 bunkers that were originally

used to store bombs; some bunkers continue to be used for storage of

explosives or agricultural crops. Area 13 was served by a rail spur which

runs adjacent to the loading platform.

Phase T analyses indicated traces (below 2 mg/kg) of the explosive

tetryl in two of the four composite soil samples collected around the

perimeter of the platform. The north and south composites consisted of 20

grabs each in order to provide a representative sample. Magnesium was

detected above the levels found at the control sites in all four composites.

One sample screened for CLP organics indicated the presence of di-n-octyl

phthalate, acetone and methylene chloride, although these compounds were

also present in the lab blanks. Phase II sampling was not conducted. The

results of the site characterization did not show contaminants at levels
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which would be of concern or that might present a risk to the

environment. No further evaluation is recommended at Site 18.

Site 19, Area 13 Bunker 1-3; Site 19 includes the area around one

-bunker in Area 13. The site was selected on the basis of verbal accounts

that chemicals were spilled in the field adjacent to this bunker. Phase I

screening analyses of five areal soil composites (one from each side of the

bunker as well as one sample from one area of brown vegetation in the

adjacent field) detected N-nitrosodimethylamine, at a level higher than at

any other site on the Refuge. The Phase It investigation involved

reanalysis of one soil sample for mercury; the results showed mercury

levels similar to the levels at the control sites.

The results from the qualitative and quantitative risk evaluation

indicated that, although the potential risks to humans were well within the

acceptable bounds for health protection, the worst case exposure estimate

for wildlife might affect sensitive local species. It is recommended that
' < Mill '

additional characterization efforts be conducted at this site prior to

evaluation of remedial options, if needed.

Site-20, D Area South Drainage Channel: This drainage channel is

located within the Olin D Area south of Site 7, originating at an abandoned

building and running east past the fenced complex. Phase I analyses of

one areal sediment (composite of four grabs) indicated the presence of low

levels of cyanide and mercury. The sediment was also screened for

organics and contained dl-n-octyl phthalate, bis (2-ethylhexyl) phthalate,

and N-nitrosodimethylamine; however, the levels detected were not

considered to represent a threat to humans or to wildlife on the basis of

the evaluations of similar levels at other sites. Phthalates are commonly
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detected due to contamination of laboratory blanks; di-n-octyl phthalate

was also detected at the control sites.

No Phase II sampling was conducted. No further evaluation of this

site is recommended, although periodic monitoring has been recommended

for Sites 10 and 11 which are waterways downgradient from this site.

Site 21, Southeast Corner Field; This site is a fenced field thought to

be the site of an old landfill due to the presence of concrete rubble near

one end. Geophysical surveys performed in Phase I did not reveal any

unusual subsurface metallic debris. Four composite surface soils were

collected along four north-south transects. The soil sampled from Transect

1 was resampled for full CLP organics analyses. Magnesium levels were

roughly one order of magnitude higher than at the control sites. The one

sample screened for organics indicated the presence of trace part per

billion (ppb) levels of base/neutral extractable compounds, including

N-nitrosodiphenylamine. Phase II investigations were limited to resampling

of one soil sample for mercury analysis, but the results did not show

elevated levels. !
!

No further evaluation of this site is recommended. Site 21 will not be

addressed in the FS.

Site 22, Old Refuge Shop: The Refuge Shop, located behind the

location of the Old Refuge Headquarters, was previously the location where

pine wood poles were treated using pentachlorophenol preservative. A small

drainage pool exists downgradient of the site. Site 22 includes this pool

and the drainage channel which extends through the woods to Crab

Orchard Lake. Phase I analyses consisted of one grab surface water arid

one composite sediment sample from the drainage ditch. The sediment was

later resampled for a full CLP organics scan. While the water sample met
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Illinois Public Water Supply and Federal MCL standards, the sediment

contained several contaminants, including cyanide, cadmium and chromium,.

Phase II analyses of five surface sediments from the ditch (spaced between

' the Shop and the lake) indicated extractable cadmium concentrations that

exceeded the RCRA criterion for hazardous waste. Trace semi-volatile

compounds including 2-methy(naphthalene, bis (2-ethylhexyl) phthalate,

fluoranthene, pyrene and others, were also detected in the sediment. One

ground water sample was collected and found to contain cadmium and

cyanide concentrations above the Federal MCL and State water standards.

Based on an evaluation of the site characterization data and the

potential effects these may pose to humans, wildlife, or the environment, it

is recommended that remedial measures for this site be addressed in the

FS.

Site 24, Pepsi-West Drainage: Site 24 consists of a small drainage

l|( , ditch which receives run-off from a nearby active bottling company; the

site is not located within the Refuge. Phase I analyses of one surface

water and one sediment sample indicated slightly elevated TOX in the

water, although no organics were detected. The sediment contained acetone

and methylene chloride, but these compounds were also present in the lab

blank. Phase II reanalysis of mercury in the sediment showed levels

slightly above the concentration detected at the control sites but not

outside the range for typical concentrations of mercury in soil.

The concentrations of parameters detected at this site were not found

to represent a concern for protection of human health, wildlife, or the

environment. No further evaluation appears warranted; therefore, this

site will not be considered in the FS.
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Site 25, Crab Orchard Creek at Marion Landfill; This site consists of

Crab Orchard Creek upstream and downstream of a former municipal
-

' landfill, as welt as an adjacent pond. Phase I analyses of one composite

surface water upstream and one downstream location detected magnesium,

manganese, TOC, TOX, and cyanide, with concentrations increasing from

the upstream to the downstream locations. Manganese and iron were the

only contaminants that exceeded Federal MCL or Illinois Public Water

Supply standards. Upstream and downstream sediment composites were also

collected; the downstream sediment was also resampled for full CLP

organics analysis. The downstream sediment contained elevated

concentrations of TOC and cyanide, while magnesium levels for both

locations were consistent with those detected at the control sites.

Composite sediment and water samples from the pond also showed the

presence of magnesium and cyanide in sediment. Manganese and iron

*"' concentrations were above the Federal MCL and State standards in the

pond water.

Phase II re-analysis of one upstream creek sediment sample indicated

a cyanide concentration similar to that detected during Phase I and similar

to the concentrations detected at the control sites. The excursions noted

for manganese and iron in creek and pond water samples do not represent

a health hazard, since these parameters are regulated based on aesthetic

concerns. The levels of constituents detected in sediments were not

perceived as a concern, due to the low levels present and the limited

exposure possible for potential receptors.

Follow up monitoring studies for Crab Orchard Creek water are

recommended, to ensure the continued protection of animals and humans,,
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Attachment 1 details a proposed monitoring plan. This site will not be

considered In the FS.

Site 26, Crab Orchard Creek Below Marion STP; Two sediment and

two water composite samples were collected from Crab Orchard Creek

downstream of the Marion Sewage Treatment Plant, spaced approximately

2,000 ft apart. Phase I analyses indicated that the surface water sample

downstream contained about twice the TOX concentration (49 ug/l versus

125 ug/l downstream), and exceeded the Federal MCL and Illinois

Standards for iron and manganese. Manganese was above the standard in

the upstream sample as well. Chloroform was detected in the water samples

at levels above the corresponding AWQC for protection of human health,

but not over the criterion for aquatic life protection. Sediment

concentrations were consistent with those detected at the control sites.

The types of contaminants and the levels detected in sediment and

water were evaluated but were not found to represent a concern or risk of

exposure. However, as a drainage route discharging to Crab Orchard

Lake, monitoring of the creek water is suggested. Attachment 1 details a

proposed"monitoring program. This site will not be considered in the FS.

Site 27, Crab Orchard Creek Below 1-57 Dredge Area: Dredging of

the stream bed of Crab Orchard Creek was conducted in the area

downstream of Route 57. Site 27 consists of one composite water sample

and one composite sediment sample collected near the dredged area. Phase

I analyses showed most parameters were below the levels detected at

upstream Site 26. The surface water contained iron and manganese above

the Federal and State standards. The concentrations detected in the

sediment were consistent with those detected at the control sites. No Phase

II sampling was conducted.
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The parameters detected were not present at levels which would

present a risk to humans, wildlife or the environment; therefore, this site

• will not be considered in the FS. However, further evaluation in terms of

monitoring of surface waters is suggested. Attachment 1 details a proposed

monitoring program.

Site 28. Water Tower Landfill; This site is a former landfill that may

have been used as a disposal area by industries operating at the Refuge.

Phase I analyses of twelve composite surface (0-1 ft depth) soil samples

indicated the presence of trace PCBs (below 3 mg/kg). Lead levels in

surface soils were not dissimilar to levels detected at the control sites but

were slightly higher. Geophysical surveys suggested the presence of some

subsurface objects. Therefore, Phase II included exploration test pits to a

depth of seven feet along a transverse gully highlighted in the geophysical

survey. One of five test pits showed elevated levels of PCBs and lead.
,„«/

Analyses of four ground water wells showed total unfiltered levels of

chromium, copper, iron, manganese and chloroform concentrations above

the regulatory criteria. The other ground water samples contained

manganese and iron above the Federal MCL and Illinois Public Water Supply

Standards. PCBs were not detected in any of the ground water wells at: a

detection level of 1 ug/L.

Due to the presence of one localized deep pocket of contaminants, it

is recommended that remedial alternatives for this site be addressed in the

FS.

Site 29, Fire Station Landfill: This large field behind the Refuge Fire

Station was previously used for storage of mining machinery. The field was

reportedly also used by Olin Corp. as a landfill site. Phase I analyses of
•'

seven composite surface soils (six grabs each, three along the northern
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face and three along the eastern face of the field) indicated the presence

of lead and "magnesium. The levels of these contaminants were within

roughly one order of magnitude of the concentrations detected at the

control sites, while zinc and mercury levels were close to the levels

detected for background.

Phase II investigations included ten subsurface soil exploration pits

(five on the north face and five on the east face) to a depth of six feet.

The soil contained magnesium and lead up to concentrations of 40,300 arid

2,350 mg/kg, respectively; these levels are one to two orders of magnitude

above the concentrations detected at the control sites. The highest lead

concentration was detected In a sediment transect from a wet area adjacent

to the eastern face. Four groundwater wells were installed and sampled.

The ground water contained total iron and manganese concentrations

exceeding the Federal MCL and Illinois Public Water Supply Standards. One

well contained selenium above the standards; another contained benzene

above the AWQC for human health.

Based on the risk assessment, lead levels in exposed sediments could

possibly result in harmful exposure levels for wildlife, but humans would

not be affected. It Is recommended that remedial measures at this site be

addressed in the FS.

Site 32, Area 9 Landfill: This site is an inactive landfill that was

reportedly used as a disposal area for capacitor manufacturing and other

mixed wastes. Phase I analyses of surface and core soils to a depth of 12

ft. from the landfill, and analyses of surface sediments and 6 ft. cores

from adjacent creeks and transects, Indicated elevated concentrations of

PCBs (maximum 13,000 mg/kg wet wt.) and lead (maximum 6,270 mg/kg).

Some dioxin/furan isomers were detected but the levels encountered were
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within the range that would normally be associated with the detected PCB

concentrations. Commercial PCB aroclor mixtures contain low levels of

dioxln/furan constituents.

PCBs were detected in all thirty soil and twelve sediment samples

collected during Phase II, but at levels below 5 mg/kg wet wt. with only

three exceptions. All but one of the Phase II soil samples contained lead at

concentrations above the Refuge background. One ground water sample

contained chromium exceeding the Federal MCL and the Illinois Public Water

Supply standards. Detectable PCB concentrations in ground waters were

below 0.1 ug/L but were above the AWQC for protection of human health.

The evaluation of environmental effects concluded that site

contaminants could pose a risk to potential receptors, specifically sensitive

wildlife. Based on a quantitative risk assessment, and since human

exposure Is limited due to the location of the site, protection of wildlife

should be addressed in the remediation efforts. It is recommended that

further evaluation of this site be conducted in the FS.

Site 33, Area 9 Building Complex; Site 33 consists of a building

complex that was formerly used to manufacture various types of capacitors

and is currently occupied by an explosives manufacturer. Phase I

investigations involved the collection of 188 soil samples at various

locations at depths up to 3 ft., to investigate the extent of contamination.

Elevated PCB concentrations above 50 mg/kg were present mainly within

the areas adjacent to two buildings where capacitors and transformers were

formerly manufactured or stored. PCB levels were also found to be

elevated up to 3 ft deep in some locations along two drainage ditches

leading from the industrial complex toward Crab Orchard Lake.
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- ..Phase It analyses of soils from 61 additional locations (up to 6 ft

depth) served to further define the extent of contamination. Metals,
. i

''* ' Including lead, and organics were generally consistent with the levels

^detected at the control sites for selected samples which were' analyzed for
*y
~ these parameters. Phase II analyses of ground water samples from three

• *$. ' •
wefts indicated the presence of PCBs below 1 ug/L but above the AWQC

for protection of human health. Trichloroethene was detected in one well

sample above the AWQC. Chromium was the only parameter (in

ground water) which exceeded the Federal MCLs and Illinois Public Water

Supply Standards.

Contaminant levels were found to present a potential risk to inherent

wildlife, although humans could also be subject to exposure if trespassing

through areas where contaminants are found. It is recommended that

remediation of this site should be further addressed in the FS.

Site 34, Crab Orchard Lake: Phase I analyses of five surface water
* mil itJ

samples from current or potential drinking water sources indicated that.

other than manganese and trihalomethane residuals, all concentrations were

below the- standards for Illinois Public Water Supplies, Federal drinking

waters, and AWQC. Corrective measures have since been instituted to

reduce trihalomethane levels in treated supplies to within the standards.

The excursions for manganese do not represent a health concern since the

standard for this chemical is established for control of taste and odor in

waters. Thirty composite fish samples were collected during Phase I and

were analyzed in Phase II for pesticides/PCBs, mercury, cadmium, and

lead.

Additional Phase ' investigations consisted of resampling the five

current or potential drinking water source: as well as collecting ten lake
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sediment* and ten lake water column samples. The lake water samples were

collected at three depths from locations In the eastern and western areas

"*«.••"" of the lake. The City of Marion treated water contained

bromodlchloromethane and chloroform at concentrations above the Federal

.' MCL for trlhalomethanes. The Refuge treated water also contained these

two trlhalomethanes. The presence of trihalomethane compounds such as

chloroform and bromodichloromethane arises from chlorination cf treated

water supplies. As noted above, the City has taken measures to correct

these excursions and now is in full compliance with the standards,

according to IEPA drinking water officials. Trace levels of cyanide were

detected in one sample from the City of Marion treated supply (but not

detected in a duplicate sample) but were below U.S.EPA's lifetime health

advisory level for this compound. No PCBs were detected in any of these

samples at a detection limit of 5 parts per trillion.

, / Water column samples from Crab Orchard Lake generally met all

Federal and State criteria and standards. However, one sample contained

mercury, one contained cyanide and three contained arsenic concentrations

above the AWQC for human health. The cyanide concentration was below

U.S.EPA's lifetime health advisory level, however. Three water columns

near Area 9 on the east end of the Lake contained detectable (less than

0.02 ug/L) PCB concentrations, but only one sample was above the AWQC

for protection of aquatic life. Some sediment samples contained arsenic,

phthalate esters, and several organics, including PCBs.

Of the thirty fish samples, two carp composites exceeded the Food

and Drug Administration's (FDA) action level of 2.0 mg/kg for PCBs in

edible tissue, and one bass was slightly over the FDA action level of 1

mg/kg for mercury. All three of these samples were collected in the
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eastern end of the Lake. The two samples with PCS levels of 3 and 6.4

mg/kg (4.4 and 3.9 mg/kg when re-analyzed) were collected outside the

•n,,,,. Area 9 embayment. PCB levels In the remaining fish samples were well

within the criteria, and most were below the detection level of 0.4 mg/kg).

All samples collected from the western end of the lake where recreational

fishing Is permitted were below the FDA action levels, and were not

considered to represent undue risks of exposure to either humans or

wildlife.

Assessment of this site also included data generated by several State

and City regulatory and monitoring programs for Crab Orchard Refuge. A

suggested follow up sampling and monitoring program has been detailed in

Attachment 1. Given the circumstances of Crab Orchard Lake, including

observed fishing patterns, the remedial measures contemplated for various

on-land potential PCB sources, the low levels and limited areas of

measured PCB concentrations in lake sediments, the health of the existing
«ii /

"INI I"'

aquatic ecosystem, and the natural self-sealing mechanism provided by the

lake sedimentation, direct remediation of lake sediments is not

recommended. For these reasons, this site will not be considered further

in the FS.

Site 35, Area 9 East Waterway: This site is a low-lying spot in a field

where contamination was suspected due to the lack of vegetation. Phase I

analyses of one soil sample indicated unusually high specific conductance.

Trace parts per billion levels of PCBs were detected in the soil sample.

No Phase II sampling was conducted.

Contaminant levels were not considered to represent a concern or risk

of exposure. No further evaluation of this site is recommended, therefore,

this site will not be addressed in the FS.
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EXECUTIVE SUMMARY • TABLE 1 (p. 1 of 3)

HATER ANALYSES OUTSIDE CRITERIA OR STANDARDS

All concentration* In ug/L

ILLINOIS Standards
General Uae
Public Water Supply

FEDERAL Drinking Water Stds.
KCL I SMCL
HCLG

AMBIENT UATER QUALITY CRITERIA
Freshwater Aquatic Life (24hr av«)
Freshwater Aquatic Life (MM)

Health (10E-06 Risk)

MNZ MCL2CH CCL4 CMCL3
(S«« abbreviations on Pag* 3)

5
0

3100
7000
1.5

5
0

420
1400
0.26

$00
1200
0.21

1500
2.1

:LPNOL
ie 3)

220 •

6.2
14

140*

PCI

0

0.014
2

7.9E-05

At

1000
50

50
50

57
130

0.002

Cd

SO
10

10
5

10*

Cr

50

50
120

(2)

Cu

20
20

1000
1300

1000*

1000 100
1000 SO

300 SO
200

SO*

1000
ISO

so

O.S
0.5

2
S ff
,
•

0.2*

1000
10

10
4S«

f.7
22
10*

Cn

25
25

4.2
22

200*

SITE

Area 11 Acid Pond
0 Area SE Drainage Ch.
D Area SU Drainage Ch.
Waterworks No. Drainage
P Area Southeast Dr. Ch.
Sotv. Stor. Ditch (Down)
" " (Upstream)
" " (Upstream)

Acid Pond Water
Acid Pond Water
Area 7 Ind. Ditch(Doun.)
• • (Upstream)

Job Corps Crounduater

Job Corps Pond
•

Refuge Shop Ditch
Pepsi West Drainage
COC 8 Marlon if (Dotai.)
" • (Up*tream)
" " (Pond)

COC • Marlon STP (Down.)
" " (Upstream)

COC Below 157 Drdge Area
Water lower If UcM

I.D. PHASE

5-1
7-1
8-1
10-1
11-1
K-1
K-3
H-5
15-1
15-3
16-1
16-3
17-8
17-9
17-10
17-11
17-65
17-H
17-16
22-8
24-1
25-1
25-3
25-5
26-1
26-3
27-1
2fl-7
28-15
28 8
28-16

1

1

II
II
II
II
II
II
II
II

II
II
II
II

3
5

23

31
43
11

123

66 77

12

500
3200

600

600

1000

19

0.01

0.01
15
2.4

0.022
0.066
0.058
0.032

100
1500
160
270
90
180

340
70

139
74

10 165

1000
500

1000
500
640
3110
425

117 94600

55

1510
660
720
300
750
640

357

76 2780

70



EXECUTIVE SUMMARY - TABLE 1 (p. 2 of 3)

ILLINOIS

Water fĉ ply
FEDERAL Drinking Water Stda.
MCL ft SNCl

UATER ANALYSES OUTSIDE CRITERIA OR STANDARDS

All concentration* In ug/L
KHZ RRCL2CN CCU CHCL3 CNCCL3 PNCLPNOl PCI

(Se« afabravlatlona on Pag* 3)

5
0

At Cd Cr Cu Fa Pb

AMIENT WATER QUALITY CRITERIA
FreehMter Aquatic Life (24hr evg) 3100
Fraaniiatar Aquatic Life (Man) 7000
Nuaen Neeltti (10E-06 Rlak) 1.5

Cn

2.0*

1000 50 20 1000 100 1000 0.5 1000
SO 10 SO 20 1000 SO ISO 0.5 10

5
0

620
1400
0.26

25
25

50 10 50 1000 300 50 SO 2 10

500
1200
0.21

0

«.
1500
2.1

220 9

6.2
14

140*

0

0.014
2

7.9E-05

50 5 120 1300

57
130

0.002 10* (2) 1000*

20 * 3 » 45 •

* 9.7
» 22

SO* 0.2* 10*

4.2
22

200*

SITE

Fir* Station IF Wall

I.D. PHASE

29-8 II
• 29-9 11
• 29-10 II
• 29-11 II

Araa » IF Wall 32-61 II
• 32-62 11
" 32-63 II

32-109 II
Araa 9 •(<* Coaplax Wall 33-340 II

« • 33-341 II
• • 33-342 II

Marian Racarvolr Intake 34-3 I
Rafuea Treated Water 34-4 I
Marian Treated Water 34-5 I
Refute Treated Water 34-65 11
Merlon Treated Water 34-66 11
Crab Orcfcard Lake It 34-6 II

" • 2C 34-7 II
• • M 34-8 II
• • 6* 34-11 II
• " 10J 34-15 II

906

17
11
4

180
94
35

0.011
0.013
0.044
0.037
0.093
0.114
0.006

0.008
0.019

0.009

388
731
761

4000

57
1790
193

41

92

113

90(5)
280(5)

3.4
2.7
3.2

0.4

90(6)
290

110



EXECUTIVE SUMMARY - TAilE 1 (p. 3 of 3)

WATER ANALYSES OUTSIDE CRITERIA OR STANDARDS

REFERENCES (See Table* 4-1,2.3 of VoluM I)

StMMLS
(«) Proposed Hutu Contaminant Level Coal
<«) Insufficient Date to establish criteria.
<•) Criterion based on health effects other then IOC-06 rUk level.
If- Landfill

ROTES

(1) AUK for Aquatic Life, (Proposed 1964), Cd
Avflt txp<1.3Ur><pp» hardness))-3.92) ug/L
NM< ei<p(0.87(ln(pps hardnee«)]-4.38) ug/L

(2) AWQC for Aquatic life, (Proposed), Cr
Avg: exp(O.B19tln(pp» hardness)]*0.537) ug/L
Nans exp<0.819[ln<pp» hardness)I*3.MB) ug/L

AUK for Nusan Health, Cr (IV)
8.0E-M ug/L Is being considered by USEPA es a possible
criteria at an Interim target risk level of 10E-06.
Current regulations establish the criterion for hunan
health at 170 ug/L (Cr III), and at 50 ug/L (Cr VI).

ABBREVIATIONS

BENZ Beniene
BRCL2CN BrosndlcMoroMthans
CCL4 Carbon Tetrachlorlde
CMCL3 Chloroform
CHCCL3 Trlchloroethene
PNCLPHOL Pentechlorophenol
PC8 Polychlorlnated Blphenyls

NOTES (Continued)

(3) AUK for Aquatic Life, (Proposed), Cu
Avg: enp(0.905(ln(pp»herdness))-1.7B5) ug/L
Hex: exp(0.905(ln(pp» hardness))-1.413) ug/L

(4) AUK for Aquatic Life. (Proposed), Pb
Avg: enp(1.34lln(ppa) hardness)}-5.24S) ug/L
Na»: exp(1.34|ln(ppa herdness)!-2.014) ug/L

(5) Data questionable; see Section 38.3.1.

(6) Hot detected In a duplicate sample.



EXECUTIVE SUMMARY - TARLE 2 (p. 1 of 2)

GENERAL RESPONSE ACTIONS AMD REMEDIAL TECHNOLOGIES

RESPONSE
ACTION

FtASIaXf RXMDIAL
TECHNOLOGIES

SITE NO. <Se* Tab!* 1-1 for Site NMM)
3 4 5 7 7A 8 9 10 11 11A 12 13 U 15 16 17 IB 19 20 21 22 24 25 26 27 28 2* 32 33 34 35

HO FURTHER
EVALUATION

MM I TOR I NO

HO ACTION

CONTAINMENT

PUMPING

COLLECTION

DIVERSION

COMPLETE
REMOVAL

PARTIAL
REMOVAL

OH-SITE
TREATMENT

OFF-SITE
TREATMENT

X X X X X X X

Monitoring. Fencing,
Sit* UM limitation*

OHM, Groin* Water
•arrlvre. lutkneada,
Cappfm. foaling

Ground or Surface Uet*r.
Sodlawrt Dr*t*|in0

X X

X X X X

SUbeurface Drain*

DlkM. D*ra*, Grading
ftr*** Dlwrclon, Ditch**.
TarracM. Oiut**, Dounplp**

EHC«v«tlon of UMt«*.
Soll/SadlMnt; Tanks,
DruM, Llciitd MMtat

Sclactlv* Excavation of
Uaotoa. tolt/Sadlawtt;
Tanka, DruM. Liquid*

•Uloflcol. OMilcal.
or Hiyvlcal Troatawit.
Inclmratlon.
Solidification. Land
Troataant. Vitrification

Troata«it/Stor»flt/eiapo*al
Facility. Incliwratlan,
Solidification. Vitrification

X X

X X

X X X X

X X X

X X X X

X X

X X

X X X X

X X X X

X X X X

X X X X

X X X X



EXECUTIVE SUMMARY - TABLE 2 (p. 2 of 2)

GENERAL RESPONSE ACTIONS AND IENEOIAL TECHNOLOGIES

RESPONSE
ACTION

FEASIBLE REMEDIAL
TECHNOLOGIES 345 J 7A 6

SITE NO. (SM Table 1-1 for Sit* NMM)
9 10 11 11A 12 13 U 15 16 17 18 19 20 21 22 24 2 5 2 6 2 7 2 S 2 9 3 2 3 3 3 4 3 S

IK-SIIU Permeable Treatment
TREATMENT Bed*. Bto-Reclamation,

Neutral I tat Ion. Land-
farming

STORAGE Temporary Structure*

ON SITE landfill. Land
DISPOSAL Application

OFF-SITE Landfill. Surface
DISPOSAL impoundment*, Land

Application

ALTERNATIVE Cistern*. Above grand
WATER SUPPLY Tank*. Decper/Upgredient

Well*. Municipal Water.
Relocation of Intake,
Specific Treatment
Device*

X X X X

RELOCATION Teaporary/pervanent
relocation of aniaial
populations

X X X X

X X X X

X X

MOTES:
Site* JO and 31 were established •* control cite* and therefore are not irvluded In the evaluation of remedial option*.
(•) The Refuge Management ha* Indicated that the Department of Defence will be responsible for further remedial Investigation*.



TABLE 1-1
STUDY SITES

Site Number

3
4
5
7

7A
8
9

10
11

11A
12
13
14
15
16
17
18
19
20
21
22
24
25
26
27

28
29
30
31
32
33
34
35

Name

Area 11 South Field
Area 11 North Field
Area 11 Acid Pond
0 Area SE Drainage Channel
D Area North Lawn
D Area Southwest Drainage Channel
P Area Northwest Drainage Channel
Waterworks North Drainage Channel
P Area Southeast Drainage Channel
P Area North
Area 14 Impoundment
Area 14 Change House
Area 14 Solvent Storage Drainage Ditch
Area 7 Plating Pond
Area 7 Industrial Site
Job Corps Landfill
Area 13 Loading Platform
Area 13 Bunkers
D Area South Drainage Channel
Southeast Corner Field
Old Refuge Shop Drainage Pool
Pepsi-West Drainage Ditch
Crab Orchard Creek at Marion Landfill
Crab Orchard Creek Below Marion STP
Crab Orchard Creek Below 157 Dredge

Area
Water Tower Landfill
Fire Station Landfill
Refuge Control
Munitions Control
Area 9 Landfill
Area 9 Building Complex
Crab Orchard Lake
Area 9 East Waterway



SECTION 1 - INTRODUCTION

1.1 Background

• the Crab Orchard National Wildlife Refuge ("the Refuge") is located in

Williamson County In southern Illinois as shown in Figures 1-1 and 1-2. The

Refuge is owned by the U.S. government and is currently administered by the

U.S. Fish and Wildlife Service (FWS) of the U.S. Department of the Interior

(DOI).

The Refuge was previously administered by the U.S. Department of

Defense (DOD) at which time several industries operated on the eastern

portion of the Refuge. These industries were primarily involved In the

manufacture of munitions, although non-military industries also operated. The

Refuge was turned over to the FWS subsequent to World War II. Some

industrial tenants have continued their operations at the Refuge under its

administration by FWS, others have left or have been replaced by other

private or federal concerns.

Investigations have been conducted by the DOI, the U.S. Environmental

Protection Agency (USEPA) and the Illinois EPA since the late 1970s and have

indicated the presence of elevated levels of such contaminants as

polychlorinated biphenyls (PCBs) and lead at several sites on the Refuge (see

Section 2). Based on the findings of these investigations and previous usage

of Crab Orchard Lake as an auxiliary source of water intake for the Marion

Reservoir, a nearby public water supply, the USEPA added the Refuge to the

National Priorities List (NPL) in 1984. Consequently, the DOI and Sangamo

Weston, Inc. jointly initiated a Remedial Investigation/Feasibility Study (RI /FS)

of the Refuge.
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Sang a mo Weston, Inc. Is one of the Industries that operated at the Refuge

between 1946 and 1962. Sangamo's operations consisted of the manufacture of

"*••„,. electrical components such as capacitors.

The RI/FS was conducted for thirty-three sites located at the eastern end

of the Refuge. The sites are listed in Table 1-1, and their locations are

shown in Figure 1-3. Two of the thirty-three sites were included to serve as

control sites. Most sites are located near tributaries that drain into Crab

Orchard Lake.

This report presents the results of site investigations conducted as part

of the Rl. Section 2 contains background information on the Refuge and

previous studies. Section 3 provides the rationale for the approach to the site

investigations, which were conducted in two phases, and the basis for the

selection of sampling locations and analytical parameters. General field

activities and procedures are described in Section 4, and the development of

the analytical data presented in this report is discussed in Section 5. Section

6 describes the methods used to evaluate the environmental impacts of each

site, and Section 7 outlines the procedures for identification of preliminary

remedial alternatives.

The site investigations sections are described in Sections 8 through 39.

These sections contain details of the sampling activities and analytical data for

each specific study site. The environmental impacts of the detected

contaminants are discussed, and potential remedial alternatives are identified.

1.2 Purpose of the RI/FS

Preliminary data collected at various locations in the Refuge suggested

that PCBs, lead, zinc, arsenic and explosives residuals may be

,,,„/
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found at some locations within the Refuge. Additional data were required to

determine the extent and impact of the problems at the sites where

contamination had been detected.

The purposes of the Remedial Investigation (Rl) for the Crab Orchard

Refuge are:

1) to determine the nature, magnitude,and extent of contamination at

the thirty-three sites listed in Table 1-1, and

2) to assess the risks of damage to human health, welfare, and the

environment due to the contamination, and

3) to gather the data necessary for the Feasibility Study.

The purposes of the Feasibility Study (FS), which will be undertaken

aft«r completion of the Rl, are:

1) to identify and evaluate remedial alternatives, and

2) to identify the most cost-effective and environmentally sound

remedial actions to be undertaken at the contaminated sites.

1.3 Scope of the RI/FS

The U.S. DO I issued a draft Scope of Work on December 12, 198U for the

RI/FS at the Crab Orchard NWR. Subsequently, several documents were

developed based on discussions between the U.S. DO I, U.S. FWS, USEPA,

Illinois EPA, Sangamo Weston, Inc. and O'Brien 6 Cere to define the scope of

the RI/FS. These documents include the following:

Scope of Work, February 1985, updated April 1985 and June 1985
\

Work Plan. June 1985 - included Site Health & Safety Plan and

Quality Assurance Project Plan (QAPP)

Work Plan Supplement, December 1985
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Work Plan Supplement - Phase II, April 1986, September 1986,

October 1986 and November 1986

Quality Assurance Project Plan (QAPP) - Phase II, May 1986,

September 1986, October 1986 and November 1986

A list of the references used as background for the RI/FS is included at

the end of this report.

The Rl consisted of eight tasks:

Task 1 - Description of Current Situation

Task 2 - Investigation Support

Task 3 - Site Investigation

Task 4 - Preliminary Remedial Technologies

Task 5 - Site Investigations Analyses

Task 6 - Final Report

Task 7 - Community Relations

Task 8 - Additional Requirements

The FS also consists of eight tasks:

Task 9 - Description of Proposed Response

Task 10 - Development of Alternatives

Task 11 - Initial Screening of Alternatives

Task 12 - Laboratory Studies

Task 13 - Evaluation of Alternatives

Task 14 - Final Report

Task 15 - Conceptual Design

Task 16 - Additional Requirements
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The FS Report will be prepared following approval of the Rl Report by USEPA
5

I and FWS. See also Section 7 of this Report.
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SECTION 2 - REFUGE HISTORY AND CHARACTERISTICS

' '
2.1 General . ^

• ;y- Crab Orchard Refuge Is located in the southern region of the State of
rF:

Illinois (see Figures 1-1 and 1-2). The Refuge comprises an area of 42,620
*&'

acres and lies primarily within Williamson County but extends into neighboring

Jackson, Union and Johnson Counties. There are twelve lakes, including Crab

Orchard Lake, located within the Refuge. The western end of the Refuge

around Crab Orchard Lake is used for recreational purposes while the eastern

end is used for manufacturing facilities.

2.2 Ecology

The Refuge habitat includes 21,000 acres of forested land, 3,000 acres of

pine plantations and 11,000 acres of cultivated land. Crab Orchard Lake

supports a large population of largemouth bass, channel catfish, bluegill,

sunfish, and crappie, which are available to sports fishermen. Wildlife on the

Refuge include white-tailed deer, cottontail raobits, geese, ducks and bobwhite

quail as well as many non-game species (Ruelle, April 1984). In addition,

there are two active bald eagle nests on the r.efuge, one on the southeast side

of Grassy Bay and one on the northeast corner of Little Creek (Ruelle, 1987).

Bald eagle habitats are classified as Essential Habitat for 640 acres (one square

mile) around the nest.

2.3 Regional Physiography and Geology

The construction of Crab Orch. d Lake was completed in 1940. The lake

has a surface area of 6,965 acres, a watershed drainage area of 109,261 acres,

and a storage capacity of 72,525 acre-feet. The eastern portion of the lake is

2-1



two to three feet deep, while the western portion has an average depth of 8-9

feet with a maximum depth of thirty feet. The lake has a retention time of

approximately 0.8 years (Kelly and Hlte, 1981). Water enters the lake through

several creeks. Including Crab Orchard Creek on the eastern end of the lake.

Water exits the lake through a continuation of Crab Orchard Creek on the

western end of the lake. According to Refuge personnel, 280,000 gallons of

water are treated dally at the Refuge water treatment plant for use by Refuge

personnel and the nearby Marion Federal Penitentiary. Water samples are

collected at least quarterly by the Refuge Water Treatment plant operators for

laboratory characterization.

The physiographic designation of the region is the Shawnee Hills section

of the interior low plateau province of Southern Illinois (USDA, 1959).

Drainage in the area is generally toward Crab Orchard Lake which then

discharges into Crab Orchard Creek and Drury Creek below the spillway

located on the western end of the lake. Ultimate discharge is then to the

Mississippi River located approximately twenty miles west of the lake. The area

is located at the terminus of the Illinoian conti- nental glaciation (Frye, 1965).

Therefore, portions of the land surface in the area are glaciated, particularly

north of Crab Orchard Lake, and some portions south of Crab Orchard Lake

are unglaciated but covered with glacial outwash loess and modern alluvium.

The resulting topography in the area is complexly dissected with narrow ridge

tops between deeply incised valleys (USDA, 1959). Elevatlonal relief in the

area is generally about 150 feet between 400 and 550 feet msl. United States

Geodetic Survey. The spillway elevation of the lake is 405 feet msl.

The soils occurring in the area of study consist of an upper layer of well

developed, fine grained silt known as Loess deposited by wind during the

various glacial periods (USDA, 1959). The thickness of this unit varies from
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non-existent to greater than 15 feet in some places. Fill and trash deposited

at some of the sites Investigated have been incorporated into upper portions of

this unit. Underlying this unit, a fine grained glacial till unit occurs which

consists of silt and clay with some discontinuous sand lenses occurring

particularly in the basal portion. The thickness of this unit ranges from

about 10 to 70 feet.

The bedrock which underlies the soil sequence consists of Pennsylvanian

Age sandstones and shales known as the Carbondale Formation (American

Association of Petroleum Geologists, 1965). The upper portion of the bedrock

sequence penetrated by split spoon sampling consisted predominantly of

sandstone. The area is situated near the southern limit of the Illinois basin

structural feature. As a result, the bedrock in the area dips gently to the

north and northeast.

%

2.4 Climate

The climate in southern Illinois is classed as humid continental with mild

winters and relatively warm, humid summers. At the Carbondale Station

located to the west of the site, data accumulated since 1910 indicate that the

warmest month, July, has a mean temperature of 79.i deg. F. January, the

coldest month, averages about 34.9 deg. F. Average annual rainfall is 44.7

inches and average snowfall is 13.6 inches. May is normally the wettest month

and February, the driest. The average frost-free date in the fall is October

22 (U.S.D.A., 1968).

2.!> Land Use

The area occupied by the Crab Orchard Refuge was used for agriculture

in the 1920s and 1930s. During the early 1940s, World War n spurred the
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development of several wartime manufacturing Industries on the eastern end of

Crab Orchard Lake. The U.S. Army and a number of contractors leased

portions of the Refuge for the production of munitions and other products.

TNi manufacture of bombs, land mines, and explosives were the principal

Industries at that time. However, companies involved in metal fabrication,

plating, manufacture of printing inks, and electrical components are also

reported to have occupied sites on the Refuge. Several industries reportedly

land filled wastes generated as part of their manufacturing activities in nearby

locations.

At the end of World War II, the U.S. Army turned the Refuge over to

the U.S. 001 for use as a National Wildlife Refuge. After the war other

industries moved onto the site to occupy buildings formerly used by the

wartime industries. Electrical capacitors and transformers containing PCBs

were manufactured until the early 1960s. (Adams, W.D., May 24, 1984.,)

Automobile parts, fiberglass boats, corrugated boxes, plated metal parts, tape,

flares and jet engine starters were also manufactured at different sites within

the Refuge. According to the Refuge Manager, landfills and dumps were used

by these industries to dispose of wastes generated in these operations. The

production of explosives continues to be the principal industry on the Refuge.

Many of the storage bunkers on the Refuge continue to be used by commercial

concerns for storage of munitions. Because of the nature of the industrial

activities and the extensive wooded areas, the Refuge maintains a fully-staffed

fire station. However, the Refuge is currently phasing out the fire

department. Fire protection has or soon will be contracted out to local

municipalities.

Public access is generally limited to authorized personnel on the eastern

portion of the Refuge, as shown on Figure 1-3. Individual industries have
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security checkpoints for access to their facilities. Most of the abandoned

Industrial buildings, as well as the active manufacturing areas, are within

fenced areas or are along roadways which are locked to the public.

Unoccupied areas are also locked to the public to protect wildlife and the

ecology.

2.6 Demographics

The Refuge is a popular fishing, hunting, camping and recreation area.

Over one million visitor use days per year are reported (Arnett, 1984). Most

of this usage occurs on the western portion of the Refuge, which is renxjte

from the manufacturing areas.

According to the Refuge Manager, Crab Orchard Lake water is treated

on-site at the Refuge Water Treatment Plant to supply the Refuge and its

industrial tenants, as well as a nearby penitentiary. It is proposed, however,

to integrate the Refuge and the City of Herrin water lines, to obtain water

from Rend Lake, a surface supply located north of Marion. This proposed

program, if instituted, will substantially alleviate operating costs for the

R«fuqe, since the Refuge Water Treatment Plant currently relies on older

process equipment which is more costly to operate. Thus, use of Crab Orchard

Lake as a drinking water supply is expected to terminate within approximately

two years.

IDPH (1976-1987) monitoring data of Crab Orchard Lake treated water-

supply have shown levels of manganese that have exceeded the Secondary

Maximum Contaminant Level (SMCL) of 0.05 mg/L for manganese and the

Illinois State public water supply standard of 0.15 mg/L for manganese. A

review of these data by the Agency for Toxic Substances and Disease Registry

(ATSDR, 1986) concluded that these excursions do not pose a public health
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risk since these standards were established based on aesthetic concerns. In

addition, data gathered from this monitoring program (IDPH, 1976-1987) have

shown that Crab Orchard Lake water has also exceeded the Maximum

Contaminant Level (MCL) of 0.10 mg/L for total trihalomethanes (TTHM) on
,i

several sampling occasions prior to 1986. A sample of untreated (raw) lake

water collected at the Refuge Water Treatment Plant (WTP) exhibited no

trihalomethanes above the method detection limit of 0.1 ug/L. In sampling

surveys prior to 1986, finished water samples taken from various areas at the

Refuge complex exhibited TTHM concentrations above the Federal MCL. for

TTHM, indicating that the water treatment process, and not the raw lake

water, is the source of TTHM compounds. Chloroform was found to be the

largest contributor to the TTHM concentrations. The formation of

trihalomethanes is a common occurrence in the treatment of surface water

supplies. These compounds form by the combination of humic substances in

the raw supply and chlorine added in the treatment process. Corrective

measures have been instituted by the Refuge management such that all samples

collected after 1986 In this monitoring program have not exhibited TTHM levels

above the drinking water standards.

Treated water (from the Refuge WTP) collected at the Marion Federal

Penitentiary has also exhibited TTHM concentrations above the MCL of 0.10

mg/L for TTHMs. All other parameters were below the Illinois and Federal

standards. Sampling and analyses of water sources within the prison have

shown these excursions occurring as early as October 1982 and continuing

through the most recent sampling (June 1987). Once again, chloroform was

found to be the largest contributor to the TTHM concentrations. Corrective

measures have been taken, however, to lower TTHM levels in the treated water

supplies to acceptable levels.
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The City of Marion is located upgradlent and adjacent to the northeast
•

boundary of th« Refuge. The city supports a population of 13,000 (Illinois

EPA. 1981). The city obtains its water supply from the Marion Reservoir,

approximately two miles east of Crab Orchard Lake. It is reported that during
•'-*-• •*

dry seasons. Crab Orchard Lake was previously used as an auxiliary Intake
•**

for the City of Marion. The last withdrawal occurred In 1981, when the city

supplemented approximately 6 percent of its total water supply volume using

water drawn from Crab Orchard Lake. Currently, the City uses water from

Herrin Lake as an auxiliary intake, and Crab Orchard Lake will not be used

except as a last alternative, according to the City Engineer. During the period

from November 2, 1987 continuing through December 1987 an estimated 2.4

million gallons have been withdrawn daily from Herrin Lake to supplement the

Marion Reservoir. Capacity of the Marion Reservoir is reportedly 450 million

gallons.

Data gathered through a continuing monitoring program conducted by

IDPH (1976-1987) showed that the public drinking water supply for the City of

Marion has exhibited TTHM concentrations that have exceeded the MCL of 0,10

mg/L for TTHMs; all other parameters were found to be within the applicable

State and Federal Drinking Water Standards. The formation of trihalomethane

compounds arises from the chlorination treatment of water and is not indicative

of contamination in the raw water supplies.

2.6.1 Private Ground Water Users

An inventory of ground water users was performed In the area of

study to identify the nature and location of private and commercial wells.

The Illinois State Water Survey Division of the f f f fnois Department of

Energy and Natural Resources was contacted for this information. Well
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locations and identification numbers, as stated in the survey, are plotted

on Figure 2-1. Well logs and a descriptive summary are presented in

Appendix C.

Results of the survey indicate that numerous wells are present in

the surveyed area in a radius of approximately 2 miles around the eastern

half of Crab Orchard Lake. The wells consist of shallow-dug wells set

with brick casing in clay which are used mostly for residential purposes,

and drilled wells set at depths of 30 to 200 feet in sandstone and shale

bedrock. Most of these wells may have been established in the 1940s or

1950s. According to the Refuge Manager, within the boundaries of the

Refuge, none of the ground water wells are currently in use.

2.7 Previous Investigations

Several investigations have been conducted since the late 1970s. These

investigations are described below.

2.7.1 Sediment Investigations

Early investigations (Hite and King, 1977; Kelly and Hite, 1981; and

Illinois EPA, 1981) focused on evaluations of benthic deposits in Crab

Orchard Lake and in Crab Orchard Creek downstream of the Marion

Wastewater Treatment Plant.

In the summer of 1979 (Kelly and Hite, 1981), 273 sediment samples

from 63 lakes in Illinois were analyzed for metals, PCBs, dieldrin,

heptachlorepoxide and DDT. The concentration of metals in Crab Orchard

Lake sediments were well within the range of values for all lakes in

Illinois, and in most cases below the state-wide averages. PCBs,

dieldrin, heptachlorepoxide and DDT were below detection levels Hess
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than 10, less than 1, less than 1 and less than 5 ppb, respectively) in

Crab Orchard Lake sediments.

Limited data were previously developed on surface water and

'• sediments from creeks discharging to Crab Orchard Lake. In July 1982

.-; (Ruelle, March 1983), low levels of PCBs were found in sediments from
r**

five Crab Orchard Lake tributaries: PCB concentrations were 0.12 ppm

In Crab Orchard Creek sediment, 0.09 ppm in Crassy Creek (located west

of Area 9), 0.04 ppm in Wolf Creek (west of Area 9), 0.38 ppm in Pin

Oak Creek and 0.20 ppm in Pigeon Creek (north of the lake).

Surface sediments from an intermittent creek opposite Area 9 had 44

ppm PCBs (dry weight), and 2.4 to 16 ppm PCBs close to the lake. Soil

samples at a 1-foot depth in the intermittent creek opposite the Area 9

Landfill contained 4.4 ppm PCBs.

Analysis of Crab Orchard Lake sediments from fourteen locations on

May 25-26, 1983 (Hite, 1984) indicated less than 10 to 270 ppb PCBs in

the region near Area 9, while at other locations, PCBs were less than the

detection level of 10 ppb (see Figure 38-1). Dieldrin, chlordane, DDT

and pentachlorophenol were below the corresponding detection levels of 1,

5, 10 and 1 ppb.

Total PCB concentrations of 3.32 mg/kg were detected in Crab

Orchard Lake sediments where the Area 9 Landfill drains into the lake

(Ruelle, 1983). A June 15, 1983 U.S. FWS (Ruelle and Adams, April

1984) sampling program showed 0.41 and 0.76 ppm PCBs in Crab Orchard

Lake sediments in the bay region off the Area 9 Landfill, while PCBs in

three sediments from mid-lake, north of the Landfill, were below 0.05

ppm.
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Bell, O'Toole and Stalllngs (1984) collected sediment samples from the

Area 9 embayment of Crab Orchard Lake on June 21, 1984. Table 2-1

shows th« analytical results for the dloxin and dibenzofuran analyses.

Analyses for 2,3,7,8-TCDD, total tetra-CDD, penta-CDD and hexa-CDD in

four sediments did not show detectable residues at the ppt detection limits

employed. Hepta-CDD and octa-CDD, which are several orders of

magnitude less toxic than the TCDD isomer, were detected at

concentrations ranging from 160 to 1,400 and 3,400 to 12,000 ppt

respectively. Among the dlbenzofurans, only 2,3,7,8 tetra-CDF was found

(50-210 ppt). An evaluation of the significance of these res dues is

discussed in Section 38.4, Crab Orchard Lake Environmental Effects. As

addressed in that section, these concentrations in sediments were not

found to represent a concern for humans or wildlife exposures.

The Illinois Department of Public Health (IPDH, 1976-1987) collected

sediment samples from thirteen locations as part of ongoing monitoring

studies at Crab Orchard Lake. Thirty one (31) lake sediment samples of

those collected as part of this monitoring were analyzed for PCBs. The

sediment samples for PCB analyses were obtained over a one year period

between 1983 and 1984. Of these samples, twenty two were below the

detection limit of 10 ug/kg, one sample from the Pigeon Creek bay area

was slightly above the detection limit (11 ug/kg), and eight remaining

sediments collected in the Area 9 embayment ranged from 13 to 270 ug/kg

PCBs. No other concentrations of concern were detected in the analyses

of indicators, metals and/or selected organic parameters in these

sediments or in others collected during this monitoring period. No QA/QC

data were provided to support these results.
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TABU 2-1

D1BENZO DIOXII/FURAN ANALYSES Of CRAB ORCHARD FISH/SEDUCNTS

SAMPLES COLLECTED JUHi 21. 1964
AMLTZED IT CALIFORNIA ANALYTICAL LABORATORIES

(Mil, 8/8/84; O'Tool*, 7/21/84; Stillfnf, 9/24/84)

SAWJ * SANPtE DIOKIN CONC. <ng/kp, or ppt) FURAN CONC. (no/kg or ppt) TOTAL
MLHUI DESaiPTIO* ECJUIVALEHT

2378- TOTAL PEHTA NEXA IOTA OCTA 2378- TOTAL PEMTA HEXA KEPTA OCTA CONCENTRATION
TOO TCDO TCOF TCOF (SUB of detected

residues)
Tojcicity Sasple Species
Equivalent Factor (•) 1 1 0.5 0.04 0.001 0 0.1 0.1 0.1 0.01 0.001 0 Avg

1024 11-1 LargesBUth SMS SOL SOL BOL BDL BDL SOL 23 72 BDL BDL ML SOL 7.2
1024 li-10 Lergesouth Base SOL BOL BOL BOL BDL BOL 21 37 BDL BDL BOL SOL 3.7
1024 I--2 Largesnuth BAM BDL BOL BDL BDL BDL BDL 25 25 BDL BDL BOL BOL 2.5
1024 I--3 Largasouth Bass BDL BDL BDL BDL BDL BDL BDL BOL BDL BDL BOL BDL -• 4.S
1024 15-4 Channel Catfish BOL BOL BOL SDL BDL BDL 41 41 BDL BOL BDL BOL 4.1
1024 IE-5 Charvwl Catfiah SOL SDL 23 SOL 180 SDL BDL BOL BDL SOL BOL SOL 11.7
1024 IE-6 Charrwl Catffah SOL BDL BDL BDL SDL BDL 10 10 SOL BOL SOL BDL 1.0 5.6
1024 E-7 Carp SOL SDL SDL SDL SOL BOL BDL BDL BDL BDL SOL SDL
1024 E-8 Carp BOL BDL SOL BOL BDL BOL 5.3 14 BOL BDL BDL SDL 1.4
1024 E-9 Carp BOL SDL BDL BOL SOL BOL 27 27 BOL BOL SOL BOL 2.7 2.1

FISH AVERAGE BDL BDL 5 SDL 21 BDL 16 24 BOL BOL SOL SOL 4.3

1024 E-10 S«dia«nt SOL BOL SOL BDL 160 3400 50 170 SOL SDL SOL BDL 17.2
11)24 E-10D Sediaxnt SDL BOL SOL BOL 200 3400 34 160 BOL BOL BOL BOL 16.2
1024 E-11 S«diacnt BDL BOL BOL BDL 470 1200 BDL BOL BOL BOL BOL BDL 0.47
1024 E-12 S«d<«ant BDL SDL SDL SDL 880 11600 11 19 BDL BDL BDL SOL 2.8
1024 E-13 S«diMftt BOL SDL SDL BOL 1400 12000 BDL SOL SOL BDL BDL BDL 1.4

'"""' SIED1NENT AVERAGE BOL SDL BDL BOL 622 6320 59 110 BOL BOL SOL BOL 7.6

(•) Assigned toxfcfty factor rtI stive to 2.3,7,8-TCDO for attisatfon of risk levels.
USEPA (1987d>. Inter(• Procedure* for EatiMttr* *Uk» Associated with
1-xposuTM to Nixtures of Chlorinated Diberao-p-dioxfn* and Dibenzofurana.
Itisk Assessment Forvj*. March. 1987.

BOL '• below detection level of 3 ppt in tissue or 100 ppt in soil.
0 •• Duplicate Sasple



2.7.2 Surface Water Analyses

In 1979 and 1980 (Illinois EPA, 1981), biological water quality
''»««" ' .-

sampling programs were conducted to assess the extent of the impact of

„." wastewater discharge from the Marlon Waste water Treatment Plant (WWTP)
'*&

to Crab Orchard Creek. Sampling points were located on a 5.5 mile

stretch from the WWTP to Crab Orchard Lake. Crab Orchard Creek has

a drainage area of 82.6 square miles and has a 7-day, 10-year low flow of

0 cfs. Crab Orchard Creek remains adversely affected by discharge from

the Marion WWTP, with high levels of ammonia, nitrogen and phosphorus,

and low dissolved oxygen levels (Illinois EPA, 1981).

On May 25-26, 1983 (Hite, 1984), fourteen (14) water samples from

Crab Orchard Lake were analyzed for PCBs, chlorinated pesticides and

metals. Figure 38-2 shows the sampling locations. PCBs (less than 0.1

ppb), chlordane (less than 0.01 ppb), DDT, endrin, methoxychlor,

"""••'••/ alpha-BHC, hexachlorobenzene and aldrin (less than 0.02 ppb) were all

below the ppb detection levels, although the presence of dieldrin and

chlordane was indicated.

While lead (less than 50 ppb), cadmium (less than 3 ppb), chromium,

copper and cobalt (less than 5 ppb) were below ppb detection levels,

barium and zinc concentrations ranged from 31 to 54 and from less than

50 to 101 ppb, respectively.

On May 2 . 1984 (Hite, 1984), supplemental samples were collected

from the same locations sampled in 1983, and were analyzed for the same

parameters. Although the presence of PCBs, dieldrin, chlordane and

pentachlorophenol was indicated, the concentrations of all these organics

were below ppb detection levels, except at location 113, Area 9 Landfill

embayment, which contained 0.16 ppb PCBs, and at 13 (southeast of Area
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9) and 110 (North Lake) where 0.018 and 0.011 ppb pentachlorophenol,

respectively, were measured. Figure 38*2 shows the detected PCS

concentrations in water samples. All other constituents were within the

drinking water standards with the exception of iron (0.4-3.2 mg/L),

manganese (0.1 to 0.5 mg/L), and strontium (0.08 to 0.14 mg/L) (Hite,

May 1984). Five (5) of the fourteen (14) sampling locations were near

Area 9, while the others covered various regions of the lake.

IDPH (1976-1987) collected water samples from thirteen locations as

part of ongoing monitoring studies at Crab Orchard Lake. Water samples

are collected from selected sampling locations annually, but only twenty

eight (28) samples collected during 1983 and 1984 were analyzed for

PCBs. None of these samples contained detectable PCB concentrations

(0.1 ug/L detection limit) with the exception of one sample adjacent to the

Area 9 embayment which showed 0.16 ug/L. Additional water samples

were taken during the monitoring program between 1976 to 1987 but these

were analyzed for other parameters such as metals, indicators and/or

selected organics not including PCBs. Some water samples exhibited

concentrations of dissolved iron and manganese above the Illinois Water

Supply and Federal Drinking Water Standards; however, these excursions

do not represent a health risk since the criteria for iron and manganese

are based on aesthetic concerns. No QA/QC data were provided to

support these monitoring data.

2.7.3 Crab Orchard Lake Fish

A significant amount of data are available on several species of fish

in Crab Orchard Lake. The species include largemouth bass, channel

catfish, blue gill, white crappie, bullhead and carp. The majority of fish
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samples collected at several locations In the lake had contaminant

concentrations, when detectable, that were well below the Food and Drug

Administration (FDA) limits. ,

' ••;'- Mercury levels In fish sampled in the summer of 1976 ranged from.j/*
,.0.13 to 0.46 ppm (Hite and King, 1977). Mercury levels were lower (less

'*£'•' '
than 0.05 to 0.39 ppm) in samples collected In September 1982 (Ruelle,

February 1983). These were all below the FDA action level of 0.5 ppm

for mercury.

May 15, 1981 results (Frankland, 1984) from fifteen (15) fish samples

revealed no mercury, dieldrin, DDT, heptaclor, or PCB contamination in

fish.

Analysis of Crab Orchard Lake fish for PCBs in 1982 revealed

whole-body concentrations exceeding 5 mg/kg (wet weight) in largemouth

bass and channel catfish for three of twenty-five (25) fish samples

„ , (Ruelle, March 1983). The edible portions of the fish would not have

been expected to contain PCB concentrations above 5.0 mg/kg. The fish

sizes ranged from 1 Ib. to 8.4 Ibs.

In September 1982, thirteen (13) channel catfish and fourteen (14)

largemouth bass were analyzed for lead and PCBs. Only one channel

catfish had 0.14 ppm lead, while all others contained less than detectable

concentrations (less than 0.1 ppm lead). PCBs in channel catfish ranged

from less than 0.2 to 5.2 ppm, and in largemouth bass from 0.84 to 9.!)

ppm (Ruelle, February 1983). The concentrations exceeding 5.0 mg/kg

were detected with whole-body analyses; the edible portions of the fish

might contain approximately one-third of this level.

In March 1983 (Paladino, 1983; Kenney, 1983). six (6) species of

fish were sampled by the Illinois DOC for PCBs. The concentrations in
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the edtble portions of largemouth bass samples ranged from 0.12 to 0.34

ppm PCBs; In two (2) channel catfish, concentrations were 0.34 and 1,,1

ppm PCBs; white carp had less than 0.01 to 0.02 ppm PCBs. No PCBs

were detected in five (5) blueglll, five (5) white crappie or two (2)

bullhead samples. These values are well within the previous FDA limit of

5 ppm PCBs and the current FDA limit of 2 ppm.

Fifteen (15) fish samples collected on April 16, 1984 and May 18,

1984 (Adams, May 30, 1984) were well below the FDA limits of 0.5 ppm

for mercury (less than 0.01 to 0.36 ppm), 0.3 ppm for dieldrin (less than

0.01 to 0.12), 0.3 ppm for heptaclor (less than 0.01 to 0.16), 5 ppm for

DDT (less than 0.01 ppm), and 2 ppm for PCBs (less than 0.1 to 1.1

ppm).

Analyses of four (4) largemouth bass, three (3) channel catfish, and

three (3) carp samples on June 21, 1984 indicated that the six isomers of

dioxlns were below ppt detection levels. Tetra-CDF, which is

significantly less toxic than 2,3,7,8 TCDD, ranged from 5.3 to 41 ppt.

The other isomers of dibenzofurans were below detection levels (Bell,

1984).

Lead and pesticides have not impacted the fish population (Hite and

King. 1977; Critman. 1982).

As part of an ongoing monitoring program by the IDPH at Crab

Orchard Lake, limited fish surveys including catfish, bass, carp and

other species have been conducted since 1976 to the present (IDPH,

1976-1987). A total of 140 fish samples were analyzed for PCBs during

this period. Fillet composites were analyzed for 73 of these samples (!>2

percent of the database). Approximately 76 percent of the samples were

acquired from the east (east of Route 148) portion of the lake although
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this area comprises on*y about 3 percent of the surface area of Crab

Orchard "Lake. During 1976, 42 fillet samples were analyzed, for PCBs

" . and all of these were below the 5 ppm FDA tolerance level at that time.
" "'•:* •
Xtniy three fish samples were collected between 1976 and 19*3. and none
.),
of these was analyzed for PCBs. Between 1983 and 1987, 31 fillet samples

were analyzed for PCBs and 28 of these (90 percent) were below the

current FDA tolerance level of 2 ppm PCBs, effective since August 1983.

The three samples above 2 ppm PCBs (2 catfish, 1 carp) were acquired

from the eastern portion of the lake. No CA/QC support data were

provided with these analyses. No distinct trends were discernible in the

correlations between PCB concentrations as a function of time or sample

size.

Table 2-2 presents a summary of the analytical data gathered for

edible fish tissue as part of these ongoing studies by the State of

Illinois. The table presents yearly averages computed for the different

species included in the survey, the average size of the samples, and the

number of data points available for computation of these averages.

Samples taken from the western portion of the lake (near Carterville)

show a general downward trend in the average PCB concentration with

time. The averages for bluegill sunfish, bass, and bullhead were below

0.05 mg/kg for samples collected in 1987. Catfish and carp (one sample

collected for each species) contained 0.41 mg/kg and 0.62 mg/kg PCBs,

respectively, in 1987. The last (1987) sampling taken east of Highway

148 consisted mainly of one or two individual samples for each species..

The sampling showed PCB concentrations of 0.16 mg/kg in sunfish, 0.21

mg/kg in bass, 0.21 mg/kg in bullhead, 0.53 mg/kg in crappie, 0.87

mg/kg in carp, and 4.5 mg/kg in catfish, all from the east end of the

lake.
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Kohler and Heidenger of the Fisheries Research Laboratory of

Southern Illinois University (SIU) recently released preliminary findings

of a continuing study on Crab Orchard Lake fish. Their studies focus on

the seasonal and spatial patterns of PCB contamination in various fish

species. Average PCB concentrations in edible tissue for fish samples

collected in the fall of 1986 are presented in Table 2-3. A figure detailing

the locations of the sampling could not be obtained, however. Sites 1 and

7 appear to be within the western portion of the lake, while Site 10 is

located in the eastern part of the lake in the vicinity of the Area 9 Land-

fill. The analytical detection limit used in the study was not reported,

but might have been 0.1 mg/kg based on the data presented. The samples

were collected as single fish grabs to correlate PCB concentrations with

fish age. The study showed that, overall, 38 percent of fish sampled

from the eastern part of the lake contained PCB concentrations above the

FDA action level of 2.0 mg/kg; this compares to less than 4 percent of

species found to exceed 2.0 mg/kg PCBs at Sites 1 and 7. As would be

expected, bottom-feeding species such as carp and catfish contained

higher Tevels of contaminants, and of these, the older species (and

probably larger size) contained the highest concentration of PCBs.

2.7.4 Other Biota

Investigations of PCB contamination in deer tissue were conducted in

1982 (Ruelle, March 1983). Ten deer (male and female) between 0.5 to 3

years of age were hunted during the December 1982 season. There were

no measurable PCB residues detected in either the fat or red meat deer

tissues analyzed. Lead concentrations, however, averaged 5.59 ppm dry

weight, (max. 13 ppm) in deer livers analyzed in 1980 (Critman, 1 9 8 2 ) .
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TABLE 2-2

FISH MONITORING DATA SUMMARY
. - . - . - • • • : - ; . • • • . . :
Illinois Interagency Program by IDOC, IZPA 4

for
CRAB ORCHARD LAKE, MARION, ILLINOIS

IDPH

SPECIES

r
WEST LAKE

CATFISH

CARP

* LARGE MOUTH BASS

DATE
COLLECTED

EAST LAKE

CATFISH

CARP

LARGE MOUTH BASS

BULLHEAD

BLUEGILL SUNFISH

CRAPPIE

1976
1987

1976
1985
1987

1976
1985
1987

1976
1985

BULLHEAD

BLUEGILL SUNFISH 1976

1976
1985
1986
1987

1976
1985
1986
1987

1976
1985
1986
1987

1976
1986

1976

1983

J AVO
CONC.
let)
kg w

2.00
0.44

0.91
0.05
0.62

0.14
0.05
0.05

0.55
0.05

0.05

2.85
0.59
3.20
4.50

1.75
1.85
0.71
0.87

0.45
0.25
0.60
0.21

0.39
0.21

0.16

0.53

NUMBER OF
SAMPLES

5
1

5
2
1

7
1
1

2
1

2

3
3
2
1

5
6
4
2

7
3
2
1

4
2

2

1

AVERAGE
SAMPLE
WEIGHT

lb

5.0
3.3

2.8
2.5
3.0

2.6
2.8
2.9

0.6
0.6

0.2

5.4
7.7
3.6
7.8

2.7
3.3
4.0
1.9

2.7
2.8
2.4
1.6

0.7
1.1

0.3

0.2

Samples with results below the analytical detection level
are calculated as half the detection limit or 0.05 mg/kg.



Table 2-3

Mean PCB concentrations (ppa) in fillets of various species
collected from three sites in Crab Orchard Lake Pall 1986.

Species/Age Group*

Largemouth bass
Young
Intermediate
Old
Composite

Channel catfish
Young
Intermediate
Old
Composite

Common Carp
Young
Intermediate
Old
Composite

31uegi.ll
Young
Intermediate
Old
Composite

White Crappie
Young
Intermediate
Old
Composite

Gizzard shad
Young
Intermediate
Old
Composite

1

0.126 (0)b

0.226 (0)
0.222 (0)
0.191 (0)

0.201 (0)
3.46 (66)
0.798 (0)
1.49 (22)

0.457 (0)
0.790 (0)
0.510 (0)
0.586 (0)

0.269 (0)
0.216 (0)
0.114 (0)
0.200 (0)

0.148 (0)
0.157 (0)
0.153 (0)
0.153 (0)

0.388 (0)
0.323 (0)
0.218 (0)
0.309 (0)

Site
7

0.142 (0)
0.332 (0)
0.356 (0)
0.271 (0)

0.339 (0)
1.00 (0)
1.47 (33)
0.939(11)

0.133 (0)
0.281 (0)
0.285 (0)
0.233 (0)

0.155 (0)
0.244 (0)
0.164 (0)
0.181 (0)

0.107 (0)
0.141 (0)
0.172 (0)
0.140 (0)

0.396 (0)
0.738 (0)
0.334 (0)
0.490 (0)

10

1.81 (33)
1.61 (33)
1.50 (33)
1.64 (33)

0.903 (0)
2.20 (50)c

5.37(100)
2.90 (50)

2.69(100)
10.3 (100)
3.76 (69)
5.59 (89)

1.65 (33)
1.89 (33)
1.22 (0)
1.58 (22)

0.200 (0)
0.349 (0)
0.243 (0)
0.264 (0)

0.973 (0)
3.28 (100)
0.486 (0)
1.58 (33)

» 3 unless other wise noted.

b/n * Percentage of speciments _>. PDA action level (2.00 ppm)

c/n « 2

Source: Kohler and Heidenger, SIU, Undated.

JA: 107:007



A larger study (Wooif, 1983) presented 1980-81 data for nine heavy metals

in livers of 441 white-tailed deer in 26 Illinois counties. Mean

concentrations (in ppm, wet weight) observed at Crab Orchard Refuge
"" f

were: 0.43 cadi urn, 0.36 cobalt, 3.1 chromium, 115 copper, 211

magnesium, 8.4 manganese, 4.5 nickel, 5.6 lead and 69 zinc.

In July 1982, lead levels were measured in earthworms, honeysuckle

roots and leaves, prairie vole liver, and white-footed mouse liver. The

highest lead levels (1.73 and 4.19 ppm) were detected in earthworms from

the Fire Station dumps. Earthworms at the Area 9 Landfill, Water Tower

dump and U.S. Powder contained less than 0.6, 0.49, less than 0.2 and

0.52 ppm lead, respectively. Honeysuckle roots and leaves had lead

levels less than 0.46 ppm, except for one root sample from the Area 9

Landfill, which contained 81.6 ppm lead. Lead was less than 0.28 ppm in

prairie vole livers and white-footed mouse livers at all the sampling sites

(Ruelle, February 1983).

2.7.5 Soil Samples

A number of previous investigations have provided soil sampling and

analysis results near suspected source areas around the Refuge. The

results from previous soil investigations are discussed in the individual

sections of this report. Previous investigations have covered the Area 9

Landfill and Plant sites, the Water Tower Landfill, the Fire Stat'nn

Landfill, and the Job Corps site, as well as the Carterville Hunting Area,

the Hampton Cemetery (HC) dump, the Area 10 dump and the U.S.

Powder dump. These latter four sites were not included In this RI/FS.

The previous PCS analytical results from these sites indicated the

following ranges (Ruelle and Adams, 198M) : Hampton Cemetery (4
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samples less than 0.05 ppm); Area 10 soils (less than 0.05 to 0.24 ppm);

U.S. Powder soils (less than 0.05 to 2.5 ppm).

Lead concentrations in soils were measured during Junt 27 - July 1,

1982 (Ruelle, February 1983). The Rre Station, Water Tower and

Hampton Cemetery dumps showed elevated levels of lead as given below,

while the other sites had lead levels similar to controls (13-35 ppm).

Carterville Hunting Area and Area-13 had elevated levels of arsenic (4.8

- 23 and 6.1 - 15 ppm, respectively). It has been speculated that

arsenic and lead concentrations may be elevated throughout the Refuge

due to repeated spraying of lead arsenate during the early 1940s to

control insects. (Redmon, 1983).

Samples Lead (ppm)
F .5. W. T. H. C.

Surface, center 108 86.3 151
I1 depth, center 553• 843 11.5
Surface, edge 70.5 52.3 20.4
V depth, edge 141 19.8 30.3

On June 15, 1983, surface and 1-ft deep samples from the Water

Tower, Hampton Cemetery, U.S. Powder and Area-10 were analyzed for

PCBs and metals (Ruelle, July 1984). PCBs were not detected in the

Hampton Cemetery dump, while low levels of PCBs were measured in

Area-10 (0.07 - 0.24 ppm) and the Water Tower dump (LT 0.05 - 0.15

ppm). U.S. Powder had higher levels (LT 0.05 - 2.5 ppm) of PCBs.

Heavy metals, including lead and zinc, in soils from Water Tower,

Hampton Cemetery and Area-10 dumps were within southern Illinois

background, and U.S. Powder soils had lead concentrations of 11 to 130

ppm.

Three samples from Area-11 refuse collected September 18, 1984

(Hlckins, 1984) had no detectable PCBs or chlorinated pesticides, but

appeared to contain some polysulfones.
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The limited data on the Water Tower, Fire Station.and other areas

suggested that PCBs, lead, zinc and arsenic may be found elsewhere on

the Refuge dump sites. Additional data on these sites were generated as

part of this RI/FS.

«• t

2.8 Initial Remedial Measures

The FWS removed and disposed of five (5) million pounds of explosives

and other refuse from various locations on the Refuge between 1973 and 1983

(R«dmon, 1983). Otherwise, remedial action has been limited to Site 32, the

Area 9 Landfill. The Illinois EPA sealed off the Area 9 Landfill in 1984 after

determining that it contained PCBs and heavy metal constituents (Carlson,

1984). A chain link fence was installed by the FWS around the Area 9 Landfill

in 1984. Also in 1984, the tenant of buildings in Area 9 restricted access to

several buildings and areas after PCBs were detected in nearby soils (Adams,

1964).
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.SECTION 3 - SITE SAMPLING PLAN
-•••-r-- -

3.1 Objectives

} The Site Sampling Plan (SSP) was developed as part of the RI/FS Work
- ^
Plan dated June 1985. The SSP specified the sampling locations, procedures

.!"*

and practices that were to be used for the Rl program at the Crab Orchard

Refuge.

Site sampling was performed in two phases. The purpose of Phase I was

to screen broad areas to determine if potential problems existed at a given site

and to define the chemical compounds contributing to the problem. Phase I

included geophysical surveys, hydrogeologic Investigations, and a screening of

each site to determine the type of contaminants present. Monitoring wells were

installed, but ground water samples were not collected until Phase II.

The Phase II sampling program was based on the screening results

' generated in Phase I. Phase II consisted of additional sampling and analyses

to supplement and verify the data obtained previously and to better define the

extent of contamination at those sites where contamination had been detected.

Due to the costs associated with EPA's Contract Laboratory Procedures (CLP),

Phase I investigations were generally limited to screening parameters to

determine which samples should be analyzed in Phase II in accordance with the

full CLP protocols.

The approach used in developing the SSP is discussed in the following

sections. These sections address the sample types collected, sample locations,

depths, analytical parameters, and basis for selection. References are made to

previous reports prepared by O'Brien & Cere as part of the RI/FS program.

These reports include:

RI/FS Work Plan (June 1985),
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RI/FS Work Plan Supplements (Phase I, December 1985, and

Phase II, November 1986),

RI/FS Quality Assurance Project Plan, or QAPP (November

1986).

3.2 Sample Types and Locations

3.2.1 Sample Types

Various matrices were sampled as part of the Rl:

1. Surface Water: including streams, raw and finished water

supplies, pond waters and waters from Crab Orchard Lake.

2. Ground Water: samples from monitoring wells were collected

during Phase II.

3. Sediment: from streams, ponds and Crab Orchard Lake.

4. Soil: including soils potentially affected by surface spillage and

fill material from sites of past disposal activity.

5. Air: as part of the Site Safety Program.

6. Biota: fish including bass, bullhead, catfish and carp.

Most soil and water samples were obtained as single grab samples.

In Phase I, most samples consisted of area! soil and/or water composites

of several grab samples in order to scan a wide area. Most of the Phase

II samples were collected as distinct grabs of soil and water samples to

better define the areas of contamination. Phase II also included many

areal composites as well, but typically these defined a smaller area than

the Phase I composites. Fish samples were usually collected as single

species composites consisting of the edible portions of two to five fish.

Specific sampling and compositing procedures were discussed in Section 4

and Attachment 3 of the QAPP (O'Brien S Cere, November 1986).
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3.2.2 Sampling Locations

PhaMu I sampling locations were established during a site recon-

naissance, visit on March 26-28. 1985. The factors considered in the
. " . - . • • . _ . — T . •

1 : -selection of sample location, depth, and analytical parameters were
•*•?>- /
\ addressed in the Work Plan and Site Operations Plan. A brief summary
$

of that information is Included in Section 3.4 of this Report.

Phase II sampling locations were selected based on the analytical

results obtained from Phase I. For example, soil samples were collected at

greater depths and in the areas surrounding any locations Identified as a

concern based on the data from Phase I. Surface and ground waters were

sampled in the general areas identified as potentially contaminated based

on the Phase I investigation. The sampling locations were identified on

site maps which included distances from numbered field reconnaissance

stakes and other landmarks. All sampling locations were photographed.

3.3 Analytical Parameters

Due to the high costs and delays associated with CLP organics analyses,

the Phase I sampling program utilized a broad screening program to determine

which sample locations should be subsequently resampled and analyzed in Phase

II using the complete CLP protocol. Generally, the screening analyses were

conducted using a higher detection level to determine which compounds may be

present. Based on the screening, samples were selected for full analyses to

determine the concentrations of parameters at a lower detection level. The

analytical program is described In detail in the QAPP document as well as in

Appendix A to the Work Plan. This approach allowed the sites to be screened

over a wide area for locations of concern and provided broad chemical

characterization in a cost-effective manner.

3-3



3.3.1 Phase I Analyses

Analytical parameter sets for the various samples collected during

th« Phas« I sampling efforts are presented In Table 3-1. The factors for

selection of the analytical parameters for Phase I were described in

Attachment S-3 of the Work Plan Supplement of December 1985. The

following summary table illustrates the purpose and organization by

analytical sets for Phase I and specifies the sites where each was applied.

A complete listing of the chemical compounds for each analytical set for

Phase I is shown on Table 3-3.

Anal.
Set Sites Purpose

A All Screens for presence of toxic organics and quan-
tifies all other parameters (ICP metals, cyanide,
indicators, explosives, nitrogen and phosphorus)
but PCDF/PCDD.

B 32, 33 Quantifies only PCB concentrations.

C 32 Determines spatial distribution of PCBs and
PCDF/PCDD in landfill cores in addition to indica-
tors and nitrogen in soil.

D All Screens for presence of organic priority pollutants
and PCDF/PCDD in addition to phosphorus,
nitrogen, indicators, cyanide, explosives and ICP
metals.

E 31 Quantifies constituents subject to primary and
secondary drinking water parameters.

F All Verifies and quantifies priority pollutants in sam-
ples screened by Set A.

C All Verifies and quantifies priority pollutants and
PCDF/PCDD in samples screened by D.

H 32, 33 Quantifies priority pollutants and PCDF/PCDD in
sample-^ which were not previously screened; other
soil characteristics as defined for Set D.
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TWL£ }-l (pip 1 of 1)

macro LIST FW PHASE I ANALYSIS SET*
Tablt 1-3 for Lift of Oxapounds Mithin tad) paravtar trap)

PARAMETER

L PurgNbli Priority Pollutants

a. Acid Extract. Priority Pollutants

1 Bast/feutral Eitact. Prior. Pell.

-Fill Awl.

-Fill Anal.

-Fill Anal.
4. PMticidt/PO Priority Pollutants

1 Polychlorinattd Biphonyli

L Nvtais - ICP Scan
- Prior. Poll. Mais by Aft

-Full Anal.

7. EP Toxicity totals

4. Cyanidi

9. Indicators - pH (fitld)
- Sptcific Conductanct (fitld)
- Total Organic Carbon
- Total Organic Halogm

Kl. Eiplosivis taiduM by

11, Nitrogm Srin: TKN, MO, MQ

UL
-Fill Anal.

11 Cation Exchangt Capacity

14. Total Phosphonai

15. Priiary I Secondary Drinking Uatar ParaHtars

16. Paront Solids (on »il/s«3 only)

A B C D E F B H

x - - i - - - -

• I •

i l l

i l l
i i

i - i i
X - X X

x - x x
i - x x

X X

X X

I I

X X

X X X X X I I

NOTE: SETS F I 6 art full analysis of paraMtirs scrwntd in SETS ft t D rvsptly.
SET H is full analysis of stlecttd suplts instead of SET D



mi 3-5 (page 1 of 2)

PfiMPCTEX LIST FOR PHASE II ANALYSIS SETS
(Sea Table 3-4 for list of Compounds xithin each parameter group)

PARPJCTERS ANALYSIS SET

B I J K L M N O P Q R S T U V M

U CLP KJL nni maiysis - - - - - - - , - - . . -
L CLP HSL Volatile! - - - - x i i -
1 C L P H S L Basi/tfeit/fcidB - x x - x

A r*Tk » * « • k \

1 0 . Metals -CLPH5L - x - - - x x -

11. W**!*^ NIPDUB

- Chroiiiai - - - - - x x - - - x - -

- f l r s t n i c . . . . . j - j . - - - -

1 4 . Cyanide - x x x - - - - - - x x -

1 3 . Indicators - p H - x x - x x x x - x x x -
-WQ,W3,F x -

Ifi. Explosives by HPLC - . - - - - - - - „ - - -

17. Lipids ' ' ' ' »

19. Total Phosphorus . . . . . , . - . _ . - .

2 0 . f i r a i n SIT* _ _ _ _ . _ - - - - . « .

I
1 " *

X - X

x - x

X X X

x - i

X X X

- - x

- » x

-

X

2 1 . Percent Solidsfsoil/sed) x x x x x x x x x x x x x x x x

NOTE: Uell water vt.ls analyses include imfilttrfd and filtered



TABLE *-*

HYDRAULIC CONDUCTIVITY VALUES

StllJl

IS-*
17-8
17-9
17-10
17-11
17-65
22-8
28-7
2!)-8
28-15
28-16
29-8
29-9
29-10
29-11

^-2

i .i,,.,''"
32-61 (COW)
32-62 (COW2)

32-63
32-109
32-110
33-3*0
33-3*1
33-3*2

Date

6/18/87
1/20/87
1/20/87
1/20/87
1/20/87
1/20/87
1/19/87
1/20/87
1/20/87
1/20/87
1/21/87
1/19/87
1/20/87
1/20/87
1/19/87
6/18/87
6/18/87
1/21/87
1/21/87
1/21/87
1/21/87

1/21/87
1/21/87
1/21/87

1.63 x
*.96 x
1.06 x
2.20 x
1.50 x
2.6* x
1.63 x
5.02 x
1.95 x
2.*8 x
5.93 x
6.16 x
*.87 x
1.77 x
*.05 x
6.63 x
2.5* x
6.22 x
5.20 x
2.32 x
*.00 x

9.36 x
2.50 x

Ft/Sec

10~J ft/»«c.
10 *̂ ft/tec.
10~* ft/»ec.
10~* ft/we.

10

10

10 ft/we.
10** ft/sec.
10! ft/»ec.

ft/see.
ft/sec .
ft/»ee.
ft/tec.
ft/§»c.
ft/»«e.

10^ ft/»»e.
10"* ft/t«c.
10~* ft/««c.
10~* ft/t«c.
10~ ft/»«c.
10"* ft/»»c.
10 ft/»»c.

10 ft/««c.
10 ft/»«c.

5.03 x
1.51 x
3.20 x
6.72 x
4.58 x
8.07 x
2.00 x
1.55 x
6.01 x
7.58 x
1.81 x
1.90 x
1.50 x
5.*6 x
1.25 x
2.0* x
7.83 x
1.92 x
1.60 x
7.16 x
1.23 x

10 CB/S«C.

10 ca/t«c.
10"* ca/««c.

10 ca/»«c.
107 cm/t«c.

10 ' ca/tw.
~

ca/s«c.

10 cm/sec.

10 ca/»«c.

2.86 x 10~*
7.68 x 10* ca/sec.

* D«t* unint»rpr«t4bl« du« to erratic w«t«r )«v«) r««ding».

** Art«>1»n condition and wt\\ h«*d conttruction design inhibited permeability testing.
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TABLE 3-2 (pagt 2 of 2)

PMWCTER LIST FOR PHflSE II WflLYSIS SETS
(to Tabli 3-4 for List of Compounds nithin MC*I paruttvr group)

PMOCTBS ANflLYSIS SET (conU.)

• l Y Z f l f t t t f l C f l P f l E f l F A G f l H A I A J f l K f l L

L O P M L Fill f e a l y t i s i B - - I I B - B -
L OPHBL
3. CLP A
4. Nitrosartm (OP, Mil)
1 Wtrosaunn (1» Itvtl) •
6. CLPfflL
7. PCBi Bmral
&. PCBi LonLtvil
3. PCBi S«i-lo. (ttdiMflt) -

10. Mali - CLP HSi
11. Itotalt - NIPM
12. SpKial - Nvcvy

-Cadri«

- - - - - I I - I -

X - X - - - - - - X
I - I - - - - I - I

« - I » l - - - - I

I - - - - I I - - X
I - - - - - - - - !

• ^ • • • ^ • • • ^

« • • • » • • » • •

I

X
I

I - - I I

X - - I I

I

,

„

- Anmic
-Copptr

11 EP Toxicity - Cr
-Cd, Or, Pb

14. Cyanidi

11 Irticaton - pH
-HO, MB, F i

15. ExplMim by WLC

17. Upidi

18. PCHVPCIF

19. Total Phoiphonii

2(1. Brain Sia

2 L Pimnt Solids(soil/Hd) x x x i x i i x x x x x i x x

MITE: Uill tuter vtali analyset includt unfiltircd and fiLtirtd ,
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LIST OF OOICflL COraJOS FDR PftR»eTEJS IN TABLf 3-1
(for PWGE I, coMpltted November 1965)

1 ChloroMthm
PURGEAI PRIORITY POll/TflNTS

13 1,2-OidilorofroptM

1 tidilorodlflMTOOTthiM
4 Vinyl dilori*
3 Qtlopofftham
6 fctliylw DilorUi
7 TrichUroflvoravthm
5 l,l-Wdilorotth«nt
9 1,1-DidilonwthJM

10 t-1, 1-Oidilororthm
11 Qilorofora
12 1,1,1-Tridilorotthm
13 Carton titradiloridi
14 BroMdidiloroMthm

1 Ptwnol
2d6-Ph*»l
3 2-Flwrophtnol
4 2,4-Oi«thylph«nol
5 2*"QuM ophetiol

17 Tridilorwthm

19 DibroMdilorowthAM
20 1,1,2-Tridilorocthm
21 c-l,3Hhdiloropropgna
S 2-Oilorotthylvinyl tthar
23 Branfon
24 l,l,2,2-Tttrachlor<»thant
29 Tttradilorocthm
2tTolnm
27 OilorotMnzm
2f Ethylbtfum

ACID EZTMCTABLE PRIORI TV PGLLUTWT5
6 2HtitrophtnoI
7 4-Nltroftfwnol
6 4-Chloro-3-vthylptwnol
9 2,4-Dichlorophtnol

10 2,4-Dinitroftanol

1 l,3-Dictiloroten2trw
2 1,4-Oichlorobtnztnf
3 1,2-Oidilorofatnzmft
4 Htxachloroethant
5 Bit (2-chlorotthyl) rthcr
6 Bis (2-chloroisogropyl) «t)wr
7 M-Nitrofodi-n-propyluint
8 Nitrotenz««
9 Hnadilorobutadimt

10 l,2,4-Tridiloroten2fnt
11 Isophoront
12 Ntphthtlm
13 Bit (2-dilorocthoxy) •thant
14 HiMdilorocyclofMntadim
15 2-Qiloroniphth4lint
16 Acmaphtlulm

2 SMH-9C (Lindaiw)
3 M»-B>C
4 Dtlta-K
5 Heptrtlor
6 flldrin
7 Heptachlor tpoxidt
8 EniotuIfM I
9 4,4'-CD£

PRIORITY PGLL1JTPNTS
17 Anniphthcnt
IB Divthyl phth^liti
19 2,6-Dinitrotoluent
20 nnortnt
21 4-0»lorophfnyl phtnyl tthtr
22 2,4H)initrotolucnt
23 1,2-Oiphflnyltiyttruirw
24 OifthylphthAlatt
29 IHutroKdiphtnylMint
2fi Htudilorotenzent
27 4-Broaophcnyl phffnyl rthtr
28 PrWunthrw
29 Anthractnt
30 DitHxjtyl phth«litt
31 Fluor ant her*
32 Pyrtnt

PESTICIDES/Pa PRIORITY PQU.m'fllfTS
10 Ditldrin
11 Enlrin
12 SV-000
13 Endosulfan II
14 4,4»-»T
15 Endosulfan Sulfati
16 Entrin Aldifcydt
17 Htthoxyehlor
IB Oilordan*

29 1,1 Oidilorofthylm
30 t-l,2-0idilor<»thylm
31 BraodiloroMthM
32 TrichlorotthyliM
33 2-Bron-l-diloropropini
34 Titradiloixwthylm
33AntoM
38 Carbon dinlfidt
173-ftrtanont
3B Vinyl actUtt
39 2-Htxanoflt
40 4-Nvthyl-a-pmtanont
41 StyrM
42 Total lyli

11 Ptntafluorophcnol
12 2,4,6-Trichloroghmol
13 2Htothyl-4,6-4initrophcnol
14 Ptntactilorophfnol

33 Bmzidim
34 Butyl bnuyl phthalati
33 Bis (2-tthylhtxyl) phthalatt
36 Qirystnt
37 Benzo(a)anthracene
3B 3,3-Oichlorobtruidint
39 Oi-n-«ctylphthalatt
40 Btn2o(b>flttoranth«ne
41 Bknzo(k)fl<ioranthffnt
42 Bmzo(a)pyrflnt
43 Indeno(l,2,3-td)pyrtnt
44 Oibcnzo(a,h)anthracmt
43 Bmzo(g,h,Uptrylcnt
46 N-Nitrcsodi»thyl Oiine

19 Toxaphmt
20 Arodilor-1016
21 ftrochlor-1242
22 Arort lor-1221
3 Arocttlor-1222
24 flrochlor-l2«
23 ftrochlor-1254
26 ftrochlor-1260
27 Endrin ketont



TARE 3-3 (pagt I of B

1 Tttrt-OB
aPwta-OO

UST OF CHENICPL OMUJOS FOR PARAMETERS IN TARE 3-1
, (forPHRSE I,.cp«plittd Homoa- 19B)

PCfiBs/PCOFs
30cta-G»
6 Titri-OF lOOcta-CDF

i wa
em
3 1,3,5 TNB

1 Alwinun
2 Antinny
3 Arunic
4 Bari«

( Calciw
7 Oirc«iu«
8 Cobalt

ODICATQRS
I p H
2 Sptcific Cond^tmty
3 Total Organic Carton
4 Total Organic Halite

EXPLOSIVES HEIDLJEB IT *LC
4 1,3 Off
SNi
6TETHL

METALS (ICPi M PP ATONIC AK.)
10 Iron
11

14 Nolybdinui
19 Nvnry
16 Nidul
17 Potaniui
IB Stltniw

OTHERS
NITROGEN SERIES

1 Aoonia Nitrogn
2 Nitratt Nitrogn
3 Nitritt NitrofMt
4 Total Kjtldahl Nitrogn

B 2 , f i D N T

Sodii
Tin

24 Vanadiv
23 Zinc

CYflNIOE

CATION EIOfiNEE CflPflCITY

TOTAL PHOSPHORUS

PtDMY t SECONDARY DRINK1NE UATER STANDAfflS (40 CFH 143)

Priory Inorganic OMiicall
1 Anvtic
2 Bariw

Stcondary Inorganic Owrieals
1 Chloridt

4 Chronan
5 Fluoridt
6 Laad
7 Mrary
8 Nitratt
9 Silver

3 Iron
4
SSodiiB
6S«lfat«
7 Zinc
8 Corrotivity

Organic Ch»ical*
1 Endrin
2LindaM
3 NrtlMwydilor
4 Toiaohtnt
32,4-1)
6 2,4,5-TP Silm



TABU 3-4 (pap 1 of 2)

LIST OF Q€MCAl COffUOS FDR Pflft»£TEJB IN TABLE 3-2
(for PMSE II, co^lrtid tenter 1986)

OP HSL VCLATfta
1 Oil

J t-l,2-«cnloro*thin*
4 Vinyl dilori*
SOloroftham
t Njthylm CMorid*
7 Styrtm
8 l,HHchloro*tha»
9 l,l-0idiloroithai«

10 Chlorofori
11 1,1,1-TrichlorMthaiw
12 Carbon titrachloridt

14 1,2-Oichloropropant
13 t-l,3H)ichloropropmt
16 Trichlorotthtni

IB DibroKdiloroMrthaat
19 1,1,2-Trichloroitham
20 c-lt 3-Oich loroproptm
H 2-0»lororthylvinyl tthw
22 BroMfora
23 1,1,2,2-Titradilorofthiw
24 Tftradilcrovttwnt

26 ChlorolMnznc
27 Etftylbmnm
a Carton Diwlfidf
29 l,2HHchloroftJ)*»
30 flcttom
31 2-Butanorv
32 Vinyl acttatt
33 2-ttexanont
34 4-)tetliyl-2-(Mntanont
39 Total l
36 Total xyli

OP BASE/MUTOL/ACID EXTMCTABLE5 (SBUHOJJTILES)
1 Ptanol
2
3 2,4-ftivthylptMnol
4 2-Oiloroph«nol
5 2-Nitrophflnol
6 4-Qiloro-3-«thylpftflnol
7 2,4-Didilorophcnol
8 2, 4-Dinitrophmol
9 2,4,5-Tridtlorophmol

10 2,4,6-Tridilorofihmol

12 Pcntach lorophtnol
13 4-fltthylphtnol
14 l,3H)ic(ilorot»nzm
13 1,4-Oidtlorotanzm
16 1,2-Oieftlorobemrn
17 HnadilonxthaM
18 Bis (2-dilonxthyl) ithv
19 Bit (2-cftloroisogropyl) tthtr
20 N-ttitroMdi-n-propylannt
21 Nitrotenzmt
22 Htxachlorotatadiew

23 !,2,4-TricMoroten2m
24 Isophoront
23 Naphthalm
26 Bit (2-dilororthoxy)
27 Htxadilorocyclopcntaditnt
28 2-0)loronaphthalfr»
29 Actnaphthalm
30 Annapftthcnt
31 OiMthyl phthalati
32 2,6-Dinitrotolum
33 Fluortnt
34 4-CMorophcnyl phcnyl tthir
33 2,4-Oinitrotolww
36 2-%thyln*phtalm
37 Ditthylpttthalatt
38 N-nitroiodiphanylaiir»
39 Huadilorobrnztnt
40 4-Bro«ophtnyl ptonyl fthtr
41 Phvonthnni
42flRthracm
43 Oi-rHwtyl
44 Flooranthffnt

45Pyrflnt
46 Butyl bmzyl phthalati
47 Bit (2-tthylhtxyl) phthalati
48 Chryscm
49 Bm2o(a}ar)thracmi
50 3,3H)ictilorotenzidin«
31 Di-n-octylphthalati
52 Bvtzo(b)fluoranth««
53 BmzotkJfluorantheni
54 Bmzo(aJpym»
S3 IwJrno(l,2,3-cd)pyrtni
56 Dibmzo(a,h)anthracfr»
57 B*nzo(9,h,i)p«ryl«i»
58 2-*itroanilir*
59 3-Nitroanilir»
60 4-Nitroaniliiw
61 4-Oiloroanilini
62 Bmzyl Alcohol
63 Btnzoic Acid
64 Dibmzofuran

1 Alpha-9C
2 6«H-9C (Lindir«)
3Bita-K
4 telta-BHC

6 Aldrin
7 Heptadilor epoxidi
8 Endosulfn I
9

OP KS. PE5TICIDES/PCB
10 Diildrin
11 Endrin
12 4,4'-000
13 Endosulfin II
14 4,4'-ODT
13 Endosulfin Suifatt
16 )%thoxycMor
17 Olordjnt
IB Toxiphtn*

19 flrodilor-1016
20 ArocMor-1242
21 ftrochlor-1221
22 Arochlor-1232
23 ArocMor-124B
2* ArochIor-1254
23 flrocMor-1260
26 Endrin kttonc



TABLE 3-4 (pagt 2 of 2)

LIST OF CHEMICAL COMPOUNDS FOR PARAMETERS IN TABLE 3-2
(for PHASE II, CMplfftri DKwter 1966)

ITrtrt-OD
PCOOs/PQFt

SOcta-CDD
STftra-OF
7Ptnta-O)F
SHm-OF

SfepU-OF
10 Octa-OF

1 MQ
2 RDX
3 1,3,5 TNB

1 Aluiinw
2 Antinny
3 Arsmic
4 Bviioi
5 BirylliuM
6 Cacfaiiai
7 Calciua
8 Oirouui

EIPUSI^S RESIDUES BY
4 1,3 DC
3*
6 TETBYL

CLPffiL CTAL5
9 Cobalt

lOCoppfr
11 Iron
12 LMd
13 NagnesiuM
14 KanganMe
15 Nnvury
16 Nicfctl

7 2,4,6 TMT
82,60NT
9 2 , 4 D K T

17 Potassiui
IB Stlmiia
19 Silvtr
20 Sodiia
21 Thallium
22 Vanadiui
23 Zinc

1 Arstnic
2 Bariui
3 Caduw

I^ICflTORS
1 PH
2 Ptrcfnt solid!

NATIONAL INTERIM PRIMARY DRINKING UATER PARAMETERS (40CFR 141)
4 Oirouua 7 Selcniui
5 Ltad 8 Silvtr
GNvtnry

cmeRs

NITROGEN SERIES
1 AMonia Nitrogtn
2 Nitrati Nitrogm
3 Nitritt Nitrogm

CYWIOE
FLUORIDE
TOTAL PHOSPHORUS



3.3.2 Phase II Analyses

Preliminary assessments of risk were developed from Phase I data to
,-i T .,

assist In the selection of sites that required additional Investigation. The

• 1 list of analytical sets (Table 3-2) for Phase II was revised from that used
''•SSk" •***••' ' *

- in Phase I (Table 3-1), to Include more specific chemical constituents. A

complete listing of chemical compounds included In each parameter group

is provided in Tables 3-3 and 3-4 for Phases I and II respectively.

The approach used for development of Phases I and II sampling

programs is discussed further in Sections 3.4 to 3.7, as well as in the

Work Plan (O'Brien S Cere, June 1985) and Site Operations Plan (O'Brien

& Cere, November 1986). Additional details regarding modifications made

to the sampling plan (such as the collection of additional samples and the

exact locations sampled) are addressed in the "Site Investigations"

sections for each of the sites (Sections 8-39), and in the figures for the

various sampling sites.

The analytical results from Phase I and II are summarized in tabular

form in Volume III, Appendix I. Appendix H includes a key to chemical

parameter abbreviations and a listing of the units used to express each

parameter.

3.1 Rationale for Sample Selection

Historical background information on the Refuge was provided by the

Refuge Manager and was summarized for each study site in Attachment 1 to

Appendix B of the Work Plan (O'Brien S Cere, June 1985). This background

information formed the basis for selection of sites by the Refuge Manager for

inclusion in the RI/FS program. In some cases, the background information

suggested the types of contaminants which might be present at the site, based

on the knowledge of operations which may have contributed to the

3-5



contamination. In other cases, the background information was insufficient to

identify the potential contaminants of concern, and it was necessary to develop
IMI#*

an analytical strategy to screen for a broad range of compounds to determine

those of concern.

Field observations and measurements often formed the basis for selecting

specific sampling locations and compositing intervals. Relevant field obser-

vations included the general topography and drainage patterns, geologic

features, areas of unusual soil or sediment discoloration, stressed vegetation,

or evidence of scattered, mounded or buried debris. The most significant

field observations were described for each sampling site in the Work Plan

(O'Brien S Cere, June 1985). These observations were supplemented with

figures for each site developed from sketches prepared during the initial site

visits (O'Brien & Cere, Work Plan Supplement, December 1985, Attachment

5-8, Field Reconnaissance Sketches), to aid in the selection of specific

"• ••'' sampling locations.

The two-phase sampling program was described in detail in the Work Plan

Supplements for Phases I (December 1985) and II (November 1986). The

following topics were addressed:

Sample types and locations

Sample equipment and procedures

Sample handling, custody procedures, and preservation

Sample documentation

Sample shipping

Analytical arrangements (scheduling)

Analytical procedures

QA/QC review procedures of data

Analytical review of data
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Disposal of unused samples .

The rationale applied for selection of sample locations (Including depth,

location, and compositing details) and the selection of analytical.parameters for
— . 5' A.

those samples was presented In Attachments S-3 .and S-4 of, the Work Plan
-^j* •i**'-

Sufiplement, December 1985. Final listings of the samples scheduled for Phases
'j

I and II sampling and analysis are included In this report as Appendices F and

C of Volume II.

Analytical procedures that were used for screening as well as full analysis

of HSL organics, metals, dioxins and dibenzofurans, and other parameters are

referenced in the QAPP document. All analytical procedures are consistent

with U.S. EPA protocols, or methods specified by the U.S. FWS, or methods

developed for this program.

3.5 Rationale for Selection of Control Sites

Two control sites, Sites 30 and 31, were established in the Work Plan for

soil and ground water analyses. A "lake control" was also incorporated into

the sampling schedule for Site 31, Crab Orchard Lake.

Site 30, Munitions Control, (see Section 7 and Appendix B of the Work

Plan, June 1985), was established because previous experience of O'Brien &

Cere at Department of Defense munitions handling facilities has indicated slight

background levels of explosives residuals near bunker storage facilities even

though they may be remote from other handling activities. Site 30 was

established to determine if there is a similar dispersed presence of explosives

residuals at the Refuge.

Another factor in the selection of Site 30 is that the geology south of

Crab Orchard Lake is significantly different from that north of the Lake. The

area now occupied by Crab Orchard Lake represents the approximate boundary
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of glacial advancement during the Illlnoian glacial epoch which represents the

furthest glacial advance in the area (Frye, 1965).

The Refuge Control, Site 31 was established in an area remote from any

past industrial activities and adjacent to the Refuge Headquarters. According

to the Refuge Manager, previous analyses of ground water near this site did

not indicate the presence of substances of concern. Sites 22, the Old Refuge

Shop, and Site 29, the Fire Station landfill, which are located north of the

Refuge control, are expected to drain west and east, respectively, and should

not influence Site 31.

The Lake Control as a part of Site 34 (see Section 21 and Appendix B of

the Work Plan) is located at the dam adjacent to the spillway within the

western end of the lake. Previous analyses of biota and sediments have

indicated that contaminant concentrations are very low to undetectable in this

region of Crab Orchard Lake (Ruelle, March 1983; Ruelle, February 1983;

Ruelle and Adams, April, 1984).

3.6 Phase I Sampling and Analysis

Phase I efforts consisted of geophysical surveys, hydrogeologic investiga-

tions, installation of ground water monitoring wells, and a screening of each

site to analyze for a broad array of potential contaminants over a wide area.

Selected samples were confirmed by a full analysis for the HSL organics.

A specific listing of sampling locations, matrices, analytical parameters

and dates of collection is included in Appendix F. The sampling locations are

depicted on the site maps in Sections 8 through 39. Table 3-1 lists the

parameters analyzed under each analytical set (A-H) for Phase I samples.

Table 3-3 is a list of chemical compounds included in each parameter group

from Table 3-1. A summary of the samples collected for each site with their
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respective analytical sets Is presented in Table 3-5. A total of 498 samples

including water, sol t and sediment matrices were collected. No ground water

samples were collected during Phase I. Field sampling for Phase I was

completed In November 1985.

3.7 Phase II Sampling and Analysis

A preliminary evaluation of the analytical results from Phase I was

performed to select additional samples and chemical parameters for Phase II

analyses. The purpose of. the Phase II investigation was to fill data gaps

identified in Phase I and to define the extent of contamination (both vertically

and laterally) at each site identified during Phase I as an area of concern.

Table 3-6 provides a summary of the samples collected in Phase II organized

by site and analytical sets. Phase II analytical parameters and a listing of

compounds are provided in Tables 3-2 and 3-4 respectively.

The sampling and analysis schedule for Phase II samples is contained in

Appendix C. This schedule details the sample locations, sampling dates,

sample designations and analytical sets associated with each sample. Sampling

locations are depicted in the site maps contained in each section. A total of

485 samples included water (surface and ground water), soil, sediment and

biota matrices. All ground water samples collected for metals analysis were

filtered in the field prior to acidification. Field sampling for Phase II was

completed in December 1986.

Small amounts of sediment are often present in properly-developed

monitoring wells. These sediments, which contain naturally- occurring

minerals, would not be expected to migrate with ground water flow nor be

present in a water supply well. It is standard practice, therefore, to

use filtered metal analyses from monitoring wells to assess ground water

quality.
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TABLE 3-5 (pagt 1 of 3)

SUMMARY OF PHASE I SAMPLING AND ANPLYSE5
(Sn Table 3-3 for list of Anilysif Sits)

SITE SAMPLE TYPE yRTO SOILS SEDIMENTS
ML ND.OF ANALYSIS NO.QF ANALYSIS NO.OF ANALYSIS

SAMPLE! SET SAMPLES SET SAMPLES SET

3MB) 11 SOUTH

4 AREA 11 NORTH

3 AREA 11 ACID POND

7 D AREA SOUTHEAST DRAINAGE

7A D AflER MHTH LPJM

B 0 MER SOJTHCST DflRINflEE

9 0 MO MKTHCST DRRINRGE

10 IMTERUOAKS MOTH DRAINAGE

11 P AREA SOUTlCftST DRAINAGE

IMP AREA NORTH

II AREA 14 imUOCNT

13 AflEfl 14 (HtCE HOUSE SITE

14 AREA 14 SOLVENT STORAGE

15 AREA 7 PLATING POND

16 AREA 7 INDUSTHIAL SITE

17 JOB CORPS LPNOFILL

18 AREA 13 LOADING PLATFORM

19 AREA 13 9UNKO 1-3

0

0

1 A

1 A

0

1 A

1 A

1 A

1 A

0

0

0

Z A

1 A

2 A

a A

0

3
I

1

1

0

16
1

0

0

0

0

4

1

6

0

0

7
Z
1
1

S
2
2

4
1

A
F

D

A

-

A
F

-

-

_

-

A

D

A

_

-

A
D
F
6

A
0
8

A
F

1
1

1
1

1
1

I

0

I

1

1
1

1
1

4
1

I
1

0

2
1

1

3
1

0

0

A
D

A
F

A
F

A

-

A

A

D
6

A
F

A
F

A
6

-

A
F

A

A
F

.

-



TABLE 3-5 (pp 2 of 3)

SUGARY OF PHASE I SAMPLING AND ANALYSES
(Stt T«bli 3-3 for List of Analysis Sits)

SITE SAMPLE TYPE MATE! SOILS SEDIMENTS
«L ML OF AMPiYSIS NO. OF ANALYSIS NO. OF ANALYSIS

•' SAMPLE! BET SAMPLES SET SAMPLES SET
1 F

» I MEA SOUTH

• • -".
V:

is' nmcAST aMo FIELD

iSQLD REFUGE SWP

<>4 PEPSUCST

<3 C. 0, CREEK AT MARION LF

'A C.O.CREEK BEUM MARION STP

27 C.O.CREEK EELOU 157 DREDGE 1 A

' 2fl UATER TOCR LANDFILL

29 FIRE STATION LANDFILL

JO NLKITIO6 CONTKL SITE

31 REFUGE OMTROL SITE

X (WEB 9 LANDFILL

0

0

1 A

1 A

3 A

2 A

1 A

0

0

0

0

0

0 . -

5 E

0

0

4
1

0

0

0

0

0

11
1
I

5
I
1

1
1

1
1

1
s

Z7
9

IS*
4

0

0

-

A
F

.

.

.

-

-

A
0
6

A
0
6

0
6

D
6

A
B
C
H

B
D

-

.

1
1

0

1
1

1
I

a
i
i

i

i

0

0

0

0

IS
3

0

0

1
1

A
F

.

A
F

A
F

A
D
6

A

D

-

-

-

-

A
D

-

-

A
F

a AflEB 9 BUILDINB COfLEI

34 CKtt QRQttRD LAKE

S AREA 9 EAST UATERURY

TUTflL NJQQ OF ANALYSES 26 3 2 8 - 6 1 415



TABLE 3-3 (page 3 of 3)

9JMMY BY ANALYSIS SETS OF PHASE I
(Sit Tabli 3*3 for List of Analysis Sits)

SCREENING
L OF ANALYSES

9UFACE HATER
SOILS
SEDUCXTS

Sa-TOTAL

QA/QC - SUFACE MATE*
avQC - SOIL
Ofi/QC -SEDINEMT
QA/QC - ELflMXS

QA/OC - TOTAL

TOTAL

A

21
72
41

134

1
12
7
8

28

162

B

0
1%

0

192

0
31
0
0

31

223

C

0
27
0

27

0
4
0
0

4

31

0

0
IS
7

22

0
6
1
1

a

30

E

S
0
0

5

0
0
0
0

0

5

SUB-
TOTAL

26
306
48

380

1
S3

8
9

71

431

Fill ANALYSIS
F

0
6

10

16

0
1
2
0

3

19

6

0
7
3

10

0
2
1
1

4

14

H

0 '
9
0

9

0
2
0
1

3

12

TOTAL

26
328
61

415

1
58
11
11

81

496

NOTE: Sroundwater and biota saipln included in PHASE II



Tib It 3-6 (pap 1 of 4)

'"••trill SNNPLE TYPE
NO. •

PHASE II SAMSUNG AND ANALYSES SUMMARY BY SITES
(S» Taklt 3-2 for List of Analytical SstsJ

UHTEI HELL SOILS SEDIME*TS BIOTA
NO, OF ANALYSIS ND.OF ANALYSIS ND.OF ANALYSIS ND.OF ANALYSIS ND.OF MALYS1S
SAMPLES SET SAMPLES 80 SAMPLES SET SAMPLES SET SAMPLES SET

NOTEi • indicates rs-sa^jling/rt-analysis of Phau I saapln

3 ARER U SOUTH

4 AREA 11 NORTH

5 AREA 11 ACID POND

7 D AREA SOUTHEAST DRAINAGE

7A D ARER NORTH LAW

8 D AREA SOUTHWEST DRAINAGE

9 D ARES NORTHWEST DRAINAGE

10 yfiTERHORKS NORTH DRAINAGE

' P ARE) SOUTHEAST DRAINAGE

""HO P AREA NDRTH

12 AREA 14 IMPOUNDMENT

:L3 AREA :14 CHANGE HOUSE SITE

14 AREA :14 SOUWT STORAGE

US AREA 7 PLATINB POND

1& AREA 7 INDUSTRIAL SITE

17 JDB CJHPS LANDFILL

18 «€fl 13 LOADINB PLATFORM

19 AREA 13 BUNKER 1-3

20 D ARE* SOUTH

'.1 SOUTHEAST CORNER FIELD

22 OLD REFUGE SHOP

No Phase

NoPhast

No Phast

0 -

0 -

No Phast

0 -

1 J

1 K*

0 -

NoPhasi

NoPhast

1 L

0 -

1 0

2 V

No Phast

0 -

1 K »

0 -

0 -

II sapling

II sampling

II sampling

0

0

II sailing

0

0

0

0

II sampling

II sailing

0

I

0

5

II sailing

0

0

0

1

and/or analysis

and/or analysis

and/or analysis

0 -

6 AJ*

and/or analysis

0 -

0 -

0 -

1 AJ t

and/or analysis

and/or analysis

0 -

K 0 -

0 -

U 35 P
12 Q

and/or analysis

1 AJ »

0 -

1 AJ *

U 1 Z

1 PJt

0 -

1 K •

5 J
1 AJ *

1 AJ »

0 -

1 L

1 N

1 0

6 Q

0 -

0 -

0 -

3 ft
1 Z

0

0

0

0

0

0

0

0

0

0

0

0

0

0

PEPSH€5T 1 AJ »



Tiblt 3-fi (pap 2 of 4)

SITE
ML

PHASE II SMUNB PM) ANALYSES 9UWARY BY SITES
(Sw Tablt 3-2 for Lift of Analytical Sfltt)

HRTER UBL SOILS SOINEKTS BIOTA
rn.tr ANALYSIS ML OF AM.VSIS ML OF ANALYSIS ML OF ANALYSIS ML OF IMLYSIS
SAMPLES SET SAMPLES SET SAMPLES SET SAMPLES SET SAMPLES SET

NOTE: • indicatn rt~sa«pling/rt-analysis of Phasi I saaplss

a LO.OEEK A T MARION L F 0 - 0 - 0 - l A A t 0

26 C.O, CREEK BELOW MARION STP No Phast II sailing and/or analysis

27 CO.D€EX BEL* 157 DREDGE No Phast II sailing and/or analysis

2 8 INTER TOMER LANDFILL 0 - A S 6 A J 0 - 0

8 FIRE STATION UWFILL

:» HIMITI06 CONTROL SITE

;il flEFUEE OMTROL SITE

:2 AREA 9 LANDFILL

<Q AREA 9 BUILDING COWLEX

34 CRAB ORCHARO UKE

35 Al» 9 EAST UfiTEJWY

TCITAL MJQER OF ANALYSES

0 -

0 -

0 -

0 -

0 -

10 AL
S AK

S

1

1

5

3

0

S

X

X

A6

X

.

13
6

1

1

33

146
3

0

AC
AJ »

Y

Y

AE

B
AI

-

0

0

0

37
5

0

a
z

-

-

-

AF
AD

-

I
AH

0

0

0

0

0

30

-

-

-

-

-

T

No Phast II sailing ind/or analysis

32 26 266 76 30 422



Tablt 3-4 (pft 3 of 4)

PWSE II SMUNB fl» PW.YSES SJWtt BY SETS
• (SM Tafclt 3-* for Urt of ftratytictl Sttt)

Ml (FlMLYSES

UFflGElftTEl

SOILS
aa wars
FISH

SU^TOTRL

- SURFACE URTES
QA/OC: - SROLKMATER
ava: -son.
avoc; - SEDIICMT
avoc: - FISH
OA/K-BUMCS

BA/K - TDTflL

TDTft.

J I

gunner

L N N o P on

0

tLMIw

14B

9

38

1BO

0

B

0

s

13

1

i

1

2

B

£

3

0

0

3

1

ii

Z

0

1

3

0

1

0

. 0

1

0

1

0

0

1

1

a

0

0

a

0

35

0 '

1

6

41

0

191C

IB

7

17

35

0

3

0

I

4

0

9

0

z

11

0

30

0

10

40

o a
I A

0

O A
0

O AV

O A
V

1 Z

• <̂l
O A

V

O A
0

O A
V

O A
0

0 1

0 4

1 6

9

5

0

3

fi



Tabli 3-S (pap * of 4)

PHRGE II 9fWU« M flNPLYSES StmflRY BY SETS
(S« T*lt « for U«t of fetlyticil Sttf)

ML CFMLYSES

fNLVSIS 9ET (Cort'd)

I V Z M A I A C A O f l E A F AS f lHAIAJ AK f lL TOTAL

simcE mra
1 l i lMHIII •aMJUlMiTcJi
SOILS
SEDIMENTS
C TCUrISn

SUB-TOTAL

OVQC- SURFACE' WTER
BVC - 6ROUOMTER
avc - SOIL
QVOC - SEDIMENT
Ql/K - FISH
avi- BLPN<S

QIVK - TOTflL

TWTflL

0

0
0

5

0
1
0
0
0
i

2

7

0

2
0

e

0
0
i
0
0
I

I

4

0

1
1

I
0
0
1
0
0
0

1

3

0
1

I

0
0
0
0
0
0

0

1

6
0

6

0
0
I
0
0
i

2

a

13
0

13

0
0
4
0
0
I

5

18

0
3

5

0
0
0
s
0
I

6

11

33
0

31

0
0
3
0
0
0

3

36

0
37

37

0
0
0

10
0
I

11

48

0
0

3

0
1
0
0
0
3

4

9

0
2

2

0
0
0
1
0
0

I

3

3
0

3

0
0
I
0
0
0

1

4

13
4

19

0
0
2
1
0
0

3

22

0
0

3

8
0
0
0
0
2

10

13

10

0
0

10

7
0
0
0
0
3

10

20

22
9fA

2M
76

422

19
7

SO
29
10
33

144

Sfifi



''* ' SECTION in- SITE INVESTIGATION METHODS

«.1 Introduction

site investigations conducted at the Crab Orchard Refuge are
r

in general In this section. Details on specific sites are presented in

Sections 8 through 39.

4.2 Hydrogeologic Investigations

The hydrogeologic Investigations conducted during Phase I and Phase H

were directed at obtaining sufficient data to permit an evaluation of the

hydrogeologic conditions at the Refuge. Hydrogeologic investigations

conducted at the different sites consisted of: a preliminary review of existing

hydrogeologic data; the performance of geophysical surveys, soil borings, soil

sampling, ground water monitoring, we'll installation, permeability testing, an

engineering survey of the installed wells, ground water elevation monitoring,

and ground water sampling. The following subsections describe field activities

which have been performed.

4.2.1 Geophysical Surveys

Two types of terrain geophysical surveys (Electromagnetic Induction

and Magnetometer) were conducted during Phase I at selected sites.

These surveys were performed to evaluate the nature of the conductive

properties of the fill deposits In comparison to naturally-occurring soils.

Surveys of this type are often used to detect buried conductive and

resistive objects such as metallic debris, drums, and free-phase liquids

originating from waste disposal practices. Results of these surveys are

included in the figures "accompanying Sections 8 through 39, and the raw



data are included as Appendix A. The following sites were surveyed by

using an ECSC Geometric Proton Magnetometer (Model G816/826) and a

Ceonics EM 31-D Terrain Conductivity Meter:
~-r

Site

29 Fire Station

13 Area 11 Change House

21 Southeast Corner Field

17 Job Corps Landfill

28 Water Tower Landfill

7A D Area North Lawn

During the magnetometer survey at each site, a base station was set

up and periodically checked during the survey to monitor diurnal

variations in the earth's magnetic field. Measurements of total magnetic

field intensity were then obtained at 25 foot intervals along survey lines

established at each site and recorded when a consistent reading within 10

gammas was obtained. Readings from the electromagnetic survey were

also collected every 25 feet along surveyed lines at each site and re-

corded in micromhos/meter. Since no variations of the earth's magnetic

field were detected, no corrections were necessary.

Data which were averaged at each point in the surveys were then

plotted on site maps and entered into a computer topographic contouring

program developed by the National Center for Atmospheric Research

(NCAR). Resultant plots which indicate anomalous magnetic and

electromagnetic features are shown in the figures developed for each site.

In most surveys, surficial interferences such as power lines, metal

debris, etc. were noted in the field and filtered out of the survey data;

therefore, anomalies as indicated on the plots may be due to buried
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' ftrr^^ oî t^^^tW'̂ conducttve debris'or liquids. The amplitude of

each" anom î̂ ' ft indicative of the size or extent of a burled feature

relative to Us depth. The same anomaly-could be produce^ from a smalt

.; object at shallow depth or a large object located in a deeper position.

'£ Therefore, depth calculations to anomalous features are subjective and

were not included as part of the investigations.

4.2.2 Soil Borings

Soil borings were completed at selected sites during Phases I and II.

The purpose of the soil borings in both phases was to evaluate the nature

of the soil veneer underlying each site including an evaluation of soil

type, thickness, horizontal continuity, and to establish the depth to the

encountered ground water for subsequent monitoring well installations.

Soil borings were also used to collect subsurface samples to determine the

vertical extent of contamination.

Boring logs Including a description of soils encountered, standard

penetration resistance, and other pertinent data are contained in

Appendix B for Phase I and Appendix C for Phase II.

Test borings were advanced by use of 3-1/1 inch inside diameter

hollow stem drilling augers with soil core samples collected every five feet

or as Indicated by the supervising hydrogeologist. Drill cuttings

developed during each respective test boring were left in place adjacent

to the test boring. Soil cores were collected in accordance with American

Society for Testing and Materials fASTM) Method D-1586-67 sampling

protocols. A standard 2-lnch outside diameter, 30 inch length split spoon

sampler was used to obtain the samples. Soil borings were generally

advanced to auger or split spoon penetration refusal which indicated the
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top of bedrock in the area. Occasionally, soil borings were advanced to

a pre-determined depth for the purpose of monitoring well placement,

within a specified aquifer zone or for the purpose of constructing nested

well pairs.

Selected soil samples from the Phase II test borings were submitted

for standard ASTM Method D-422-63 sieve and hydrometer analyses. The

purpose of these analyses was to provide information on soil compositions

at varying depths to be used in evaluations of the site hydrogeology and

remediation alternatives. Soil types representative of those encountered

in each boring conducted in Phase II were tested to provide an analysis

of each soil type encountered. The results are contained in Appendix 0.

q.2.3 Ground Water Monitoring Well Installations

Following the completion of soil borings in Phases I and II, well

screens and risers were installed at depths designed to provide the

necessary information regarding the hydrologic characteristics of

subsurface aquifers. At some sites, different aquifer zones were

monitored by the installation of well nests to facilitate an evaluation of the

interaction between the two aquifer zones.

For wells installed in Phase I, standard monitoring well installation

material included 10 ft. sections of 2-inch I.D. No. 10 slot. Schedule UO

NSF approved PVC screen and compatible riser. A well screen and riser

were installed at the bottom of the borehole. A No. 4 washed silica sand

pack was placed around the well screen as the auger casing was pulled

back to a depth of about 2 ft. above the well screen. A 1-to 2-foot thick

bentonite pellet seal was then installed above the sand pack and the

remaining annulus surrounding the riser grouted with Portland



cement/bentonite grout. At the surface, a locking steel protective casing

was installed and cemented In place to secure the well riser and prevent

unauthorized entry* Well designations, specifications and depths are

given In Table 4-1.

> Monitoring wells installed during Phase II utilized 5 ft. sections of

Type 316, 2-inch diameter stainless steel well screens five feet In length

connected to an NSF approved 2-inch diameter PVC riser casing. The

screen and riser assembly was lowered into the augers to a specified

depth and a washed silica sand pack (No. 4 Q-Rock) was installed around

the screen. A bentonJte pellet seal 1 to 2 foot-thick was then installed
i

on top of the sand and the remaining annulus around the well riser was

grouted with Portland cement/bentonite. A locking protective steel casing

was then inserted over the well riser and cemented to ensure an adequate

surface seal.

Following well installation, all wells were developed using a portable

air compressor and tubing assembly. The purpose of the well

development was to remove most of the fine grained sediment which could

have entered the well during installation and to enhance the hydraulic

connection between the aquifer and well screen. Well development involved

injecting filtered, compressed air through cleaned tubing into the

screened portion of each well to clear the slot openings. Discharged

water was allowed to flow at ground surface and was monitored until a

relatively sediment-free appearance was noted.

4.2.4 Well and Soil Boring Location Survey

A well elevation and location survey was conducted in June 1987.

The well locations are referenced by coordinates relative to an arbitrary

origin. Coordinates of the well locations provide an accuracy of ±100 ft.
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between Individual sites and an accuracy of ±1 ft. between wells within

individual sites. Well elevations are referenced by benchmark elevations

given for two highway Intersections of Ogden Road and Old. Route 13 with

Rout* 148. Monitoring well elevations were surveyed to an accuracy of
''•- ' t*

±0.01 ft. for the top of the PVC casings and protective steel casings, and

±0.1 ft. for ground level elevations. Data are presented in Table 4-2.

4.2.5 Ground Water Elevation Monitoring

Ground water levels within monitoring wells installed during Phases I

and II have been measured on several occasions and are included on the

boring logs presented in Appendices 8 and C. Table 4-3 includes depths

to ground water below ground surface and ground water elevations for all

wells as measured in December 1985, January 1987, and June 1987. All

depths to ground water were measured relative to ground level and the

top of the PVC riser located within the protective steel casing.

4.2.6 Hydraulic Conductivity Testing

In-situ hydraulic conductivity tests were conducted on all monitoring

wells. The purpose of the tests was to provide an indication of the

capacity of the screened portions of subsurface aquifers to transmit

ground water. Hydraulic conductivity values were calculated in both feet

p«r second and centimeters per second and are presented in Table 4-4.

Supporting calculations are contained in Appendix E.

The in-sltu permeability tests were conducted for most wells in

January 1987 and for wells 15-4, 30-2, and 31-2 in June 1987. Prior to

initiating the tests, static water elevations were measured. The tests

performed in January 1987 were accomplished by rapidly inserting solid
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15, Add Pond

17, Job Corps Landfill

22, Old Refuge

28, Water Tower Landfill

\ Ffrt Station Landfill

30, Munit1on Control Sit*

31, Refuge Control Sit*

31, Area 9 Landfill

31, Are* 9 Building Costplex

TABLE 4-1

WELL SPECIFICATIONS AM) DEPTHS

Sorlrtfl 9

13-4

17-8
17-9
17-10
17-11
17-«3

22-8

28-7
28-8
28-15
28-16

29-8
29-9
29-10
29-11

30-2

31-2

32-0
32-109
32-110

33-340
33-341
33-342

Total
Depth

IS-

IS'
12'
12'
12'
30'

10'

25'
20'
39'

20.5'

30'
25'
23'
16'

20'

30'

15'
15'

82.5'

15'
14'
20'

Sc t̂totQ
Interval

5-15'

10-15'
7-12'
7-12'
7-12'

25-30'

5-10'

15-25'
10-20'
34-39'

15.5-20. 51

20-30'
15-25'
13-23'
6-16'

10-20'

20- JO'

10-15'
10-15'

77.5-82.5'

10-15'
9-14'

15-20'

Aquifer Screened

Clayey Stlt

Silty City
Silty Day
Silty Clay
Silty O ay
Silty Day

Silty Gay

Clayey Silt
Clayey Silt

Sand
Clayey Silt

Sandstone
Clayey Silt

Sandstone
Clayey Silt and

Sandstone

Clayey Silt

Clayey Silt

Silty Day
Silty Clay

Sand

Silty Day
Silty Clay
Silty Clay

Phase
Installed

1

1
1
1
1
1

II

1
1

II
II

1
1
1
1

1

1

1
1
1

1
1
1



TABLE 1-2

WELL SURVEY DATA

Wtll No.

15-1

17-8

17-9
17-10

17-11

17-65 >•

22-8

28-7

28-8

28-15

28-16

29-8

29-9

29-10

29-11

30-2

31-2

32-61

32-62

32-63

32-109

32-110

33-340

33-341

33-342

Coordinate

18485

35423

35215

35201

35298

35221

31228

17898

17736

17909

17662

33035

32731

32155

33152

11667

30630

22703

22872

21938

22711

22723

21905

19887

} 19251

Coordinate

33832

1M11

12956

12813

12682

12963

21011

31175

31475

31186

31128

25923

25919

25695

25256

12206

23863

26192

26681

26703

26871

26865

26015

26974

26772

Elevation

433.4

423.8

125.1

125.1

425.4

425.1

110.2

133.2

135.2

133.5

153.0

111.6

110.7

138.2

111.6

136.1

125.2

112.8

108.5

115.9

« *07-8

107.6

424.9

425.9

1429.6

Casing El.

436.81

427.01

128.88

128.53

128.16

128.90

113.50

136.77

438.17

436.70

455.80

411.91

114.06

410.57

445.04

439.50

428.15

415.11 >

410.82

419.10

411.15

410.91

42B.29

429,44

432.94

Pipe El.

436.45

<r;^426.83

, ,*128^23 '

'n'M8.37
../«>-,

128.76

: -t 443.34

' . 436.68

438.39

436.68

455.64

411.89

443.94

440.33

, 441.76

139.31

128.06

114.94

110.49

118.93

411.01

410.89

428.17

429.31

V81



TABLE 4-3

WELL DATA AND GROUND MATER ELEVATION TABLE

El»v. Top PVC El«v. Top Ca»ing EUv. C.L. DaU £>«v. DaU E)fvf . Pat* Dopto •* Elav.

15-4
17-8

17-9

17-10
17-11

17-65
22-8
28-7

28-8
21-15
28-1 (

29-8
29-9

29-10

29-11 '
30-2

"31-2

32-61

32-62
32-63

32-109

32-110
33-340
33-341
33-342

436.45
426.83
428.23
428.37
428.30
428.76
443.34

436.68
438.39

436.68

455.64

444.89

443.94

440.33

444.76
439.34
428.06
414.94
410.49

418.93
411.01

410.89
428.17

429.31
432.81

436.81
427.01
428.88
428.53
428.46
428.90
443.50
436.77
438.47

436.70

455.80

444.94

444.06

440.57
445.04
439.50
428.15
415.41
410.82
419.10

411.15

410.91
428.29
429.44
432.94

433.4

423.8
425.4
425.4
425.4
425.4
440.2

433.2
435.2

433.5

453.0
441.6

440.7

438.2

441.6
436.1

425.2

412.8

408.5
415.9

407.8
407.6
424.9
425.9
429.6

15 DM; 86

12 DM; 86

13 DM 86

13 DM 86

13 DM 86

13 DM; 86

15 Dec 86

15 DM 86

19 DM 86

15 DM 86
14 Dw: 86

14 DM 86

14 DM 86

14 DM 86

13 Dae 86

12 DM 86

17 DM 86

17 DM 86

17 Dec 86

17 DM 86

—
17 DM 86

15 DM 86
IS DM 86

1.8'
3.2'

2.6'

2.6*
2.71

15.4'
—

2.1'

1.9'

3.1'

15.7'

5.5'

3.3'

0.8'

0.8*
7.0"

12.7'

0.8'

0.1f

2.91

2.8*

ARTESIAN

6.9'
1.2'
6.6'

431.6

420.6
422.8
422.8
422.7
410.0

—

431.1

433.3
430.4

437.3
436.1

437.4

437.4
440.8
429.1

412.5

412.0

408.4

413.0

405.0
...

418.0

424.7
423.0

_ —

20 Jan 87
20 Jan 87
20 Jan 87
20 Jan 87
20 Jan 87
19 Jan 87
20 Jan 87
20 Jan 87
20 Jan 87
21 Jan 87
19 Jan 87
20 Jan 87
20 Jan 87
20 Jan 87

--
—

21 Jan 87
21 Jan 87
21 Jan 87
21 Jan 87
...

21 Jan 87
21 Jan 87
21 Jan 87

— —

2.0'

3.0'
1.8'

1.8'

2.3'

0.8'

1.5'
1.4«

2.0'

15.0'

4.8'

2.5'

0.4'

0.8*

—
--

1.0'

2.0'

2.0'

1.0'

ARTESIAN

8.3'
0.8'
6.4'

— ' ! 18 JUM 87
421.
422.
423.
423.
423.
4M.

431.
433.
431.
438.
43C.

4M.

18 Jura 87
18 Jura 87

1 18 Jura 87
., 18 Jura 87

18 Jura 87
18 Jura 87
18 Jura 87
18 Jura 87

18 Jura 87

18 Jura 87
18 Jura 87

18 Jura 87
437.4 18 Jura 87
440.8 18 Jura 87

18 Jura 87
18 Jura 87

411.8 19 Jura 87
408.5 19 JUM 87
413.9 19 Jura 87
406.8 19 June 87
••« •*•

416.C 19 Jura 87
425.1 19 Jura 87
423.2 19 Jura 87

8.33'

8.23'

6.98'
8.21*

7.98*
7.78'

4.25f

9.38'
8.71*

6.31*

20.02*
10.77' ~

10.69*
4.46* ,
«.27»

15.36*

17.75', .,

7.98'

5.11*
9.56'

12.92'
ARTESIAN
14.08'
6.23'

12.42'

M>M^̂ K~«

428.12
418.60
421 .25
420.16
420.32

420.98
439.09
427.30
429.68
430.37

434.62
434.12

433.25
435.87

438.49
423.98

410.31

406.96
405.38
409.37

398.09

—
414.09
423.08
420.39

NoUi C.L. - Ground Uv«)

* - Depth MaaturMl from Ground Lov«)
** - Dopth No«»ur*d froa Top PVC



pieces of teflon rod Into the water column in the well, thereby displacing

the water column upward and creating a potential for flow from the well

to the surrounding aquifer. The rate of decline of the water level within

the well was then monitored as It equilibrated with the aquifer. When the

* water level approached the original static water level, the rod was then
•i"*

removed, which lowered the water level in the well to a depth lower than

the water table in the surrounding aquifer. This created a potential for

flow into the well, which also was monitored until the water level returned

close to the static level.

Ground water levels were monitored during these permeability tests

using an Enviro-Labs Data Logging System, a conventional analog signal

generating pressure transducer which directly measures feet of hydraulic

head to one-hundredth (.01) of one foot. The tests performed in June

1987 were accomplished by rapidly withdrawing water by bailing methods

from the wells, which lowered the water level in the wells to depths lower

than the water table in the surrounding aquifers. This created a

potential for flow into the wells, which was monitored until water levels

returned close to the static levels with an electronic water level probe.

Hydraulic conductivities have been calculated for all wells using

Hvorslev's method, and the data are presented on Table 4-4. In general,,

the data indicate the soils to exhibit hydraulic conductivities typical of

the silts and sands encountered. Values of hydraulic conductivities

obtained from wells installed within the first encountered aquifer at the

Old Refuge Shop, Job Corps 'ater Tower, Fire Station, and Area 9

Landfill sites generally ranged from 10~ to 10~ cm/sec. One shallow

well at the Water Tower landfill exhibited a lower hydraulic conductivity

of 7 x 10 cm/sec. Deeper wells installed at the above mentioned sites
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exhibited higher hydraulic1 conductivities of 10 to 10"* cm/sec consistent
"" r. rt • ' ' *

with sandier' soils encountered at those depths. *
' i* - *-^. • " • • • • . '• . t~

•' o -'• ~'*i&e sri; '.•': • - ' D ^ : . - 'c . Jt~. .• . . • ;•
•£• "'

.. - , • • • ' . . • • • ,. • ••~*v- '

.7 Regional Hydirogeologic Conditions " ":?;: •>.-.;'•
" y — | • - ' • • • V-

Data obtained from soil borings, well installations, hydraulic
''** .
conductivity testing, and land surveying were used to evaluate the

regional ground water flow conditions in the area of study. The

individual sites investigated were located to the north and south of Crab

Orchard Lake. As such, data gathered from each site were Incorporated

into a regional site map displaying ground water flow conditions during

June 18-19, 1987. Hydrogeologic cross sections were also constructed on

the north and south sides of the lake through the Fire Station Landfill,

Refuge Control Site, and the Water Tower Landfill, Area 9 Landfill and

Building Complex, respectively. The regional ground water contour and

flow direction map is shown as Figure 4-1 Including the location of the

cross sections. The hydrogeological cross sections are shown as Figure

Occurrence of Ground Water

Shallow ground water occurring beneath the sites investigated was

generally found at a depth of 1 to T7 feet below ground surface within a

silty day-clayey silt soil unit. Monitoring wells generally screened this

upper water table. Ground water elevations collected during the winter
• • *
of 19S7" and summer 1987 (wet and dry seasons respectively) Indicated a

water table fluctuation of 3 to 10 feet with water levels dropping during

the summer months (see Table 1-3).

A lower ground water aquifer was encountered in the lower portions

of the soil sequence on top of bedrock where sandier soils were
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encountered. Deeper monitoring wells at selected sites 17, 28 and 32

which screened this water bearing unit (bedrock-soil Interface) indicated

the unit to be confined at Sites 28 and 32 and unconfined at Site 17. An

artesian condition was noted at Site 32 with ground water from the sand

unit at depths of 77-81 feet flowing at ground surface. This phenomenon

is attributed to a hydraulic connection of the said unit to a distant source

area higher than that occurring at the well head.

Ground Water Flow Conditions

As can be seen from Figure *-l which presents regional horizontal

ground water flow directions and contours near the lake (June 1987),

shallow ground water flows toward the lake with contours closely

resembling topographic contours. This is typical of unconfined ground

water flow conditions. Minor undulations in the ground water flow

contours are most likely due to the existence of surface water tributaries

which locally affect shallow ground water flow patterns.

The average velocity of shallow ground water was calculated for

areas north and south of the lake during June 1987. The formula utilized

for these calculations is adapted from Darcy's flow equation through

porous media (Darcy, 1856) and Is given as:

Vs =JKi
n

where:

Vs = Velocity of ground water (ft/day)

K = Hydraulic conductivity (ft/day)

i = Hydraulic gradient (ft / f t)

n = Porosity (dim.)
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Average velocity of shallow ground water north of Crab Orchard

Lake was about 0.13 ft/day based on an average hydraulic conductivity of

5 ft/day and hydraulic gradient of 0.009 ft/ft. , Porosity was assumed to

. be 0.35 (Davis and Dewiest, 1966: Table 11-5. Clayey SoHs). Average

velocity south of the lake was calculated to be lower at 0.007 ft/day

based on an average hydraulic conductivity of 0.435 ft/day, a gradient of

0.006 ft/ft and a porosity of 0.35.

Ground water occurring within the lower sandy unit on top of

bedrock could not be contoured on a regional basis. It is probable,

however, that ground water in this unit which was identified to occur

north and south of the lake likewise discharges to Crab Orchard Lake.

The specific ground water flow conditions at particular sites investigated

will be discussed more fully in each respective section.

Three sets of ground water elevations have been collected from all

site wells to date; December 18, 1986, January 20, 1987 and June 18,

1987. Readings taken during these periods represent wet and dry

seasons respectively. A comparison of ground water flow gradients and

directions for Area 9, Sites 32 and 33, was performed for both periods

and is shown on Figure 36-4. Since flow directions and gradients were

similar at this site during both periods, flow directions displayed on

subsequent figures and associated velocity calculations were generated for

the most recent data set only (June 1987).

4.3 Soil/Sediment/Water Investigation

Crab and composite samples collected included surface and core soils,

sediments from streams, ponds, and Crab Orchard Lake, and waters from

ground water wells, surface streams, raw and finished water supplies, and

from Crab Orchard Lake.
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Areal composites of surface soil/sediment samples were collected by

combining equal volumes of grab samples from predetermined locations. The

grab surface samples were obtained using standard sampling tools (shovels,

scoops, etc.) to collect the top 0-1 foot depth of sediment (from streams) or

soil. Sediments from ponds and Crab Orchard Lake were collected using a

dredge to capture approximately 0-6 inches of bottom surface sediment from

each location. The discrete grab soil/sediments were placed in a clean

disposable aluminum pan and homogenized using a large, stainless steel spoon.

The composited and/or homogenized grabs were then packed in prelabeled

sample containers and shipped to the respective laboratories for analyses. All

sampling tools were decontaminated between samples by rinsing with soap and

water followed by rinsing with acetone.

All grab and composite waters were collected in prewashed, prelabeled,

sampling containers, and were preserved and filtered if required prior to

shipping to the corresponding laboratories. Crab surface waters were

collected directly into the sample containers. Composite water samples were

mixed in equal proportions directly in the quart or gallon container. Ground

waters were collected using a stainless steel bailer and filter*-' in the field

using a glass filtration apparatus and a hand vacuum pump. The filtered

samples were also preserved prior to shipment. Water samples from Crab

Orchard Lake were obtained by compositing discrete samples collected from the

surface, mid-depth, and approximately one foot from the bottom. The lake

samples were taken using a stainless steel Kemmerer sampler. For each

location, equal aliquots from each depth were composited and preserved.

The samples collected as part of Phase I consisted mostly of surface grabs

and composites for screening purposes. A total of 498 samples were collected

as summarized in Table 3-5. These samples were represented by 26 waters.
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328 soils, 61 sediments and 83 Quality Assurance/Quality Control (QA/QC)

samples. QA/QC samples included 1 water, 58 soils, 11 sediments, and 13

blanks (water/soil/sediment). Most of the water samples collected in Phase I

were not filtered.

Phase II soil/sediment/waters Involved selected sites identified from the

results of Phase I. As shown in Table 3-6, a total of 512 samples were

collected in Phase II, including 22 surface waters, 26 ground waters, 268

soils, 76 sediments, 30 biota samples, and 90 QA/QC samples. The QA/QC

samples included 6 surface water, 5 ground water, 41 soils, 11 sediments, 10

fish and 14 blanks. Most of the water samples collected in Phase II were

filtered.

4.4 Fish and Wildlife Investigation

Fish samples were collected during the Phase I investigation of Site 34

and were analyzed during Phase II. The revised Quality Assurance and

Quality Control procedures for fish analyses were approved by U.S. EPA in

March 1987, and are contained in Addendum 3, Revision 2 of the QAPP. The

fish composite samples were analyzed for pesticides/PCBs, mercury, cadmium,

and lead.

The Work Plan and Work Plan Supplements contained provisions for the

collection and analysis of other biota samples, including shrews, cray fish and

turtles. These samples were not collected due to difficulties in locating these

species at the Refuge.

Fish samples were collected using gill nets or an electroshocker. Carp

and largemouth bass were collected when possible. If these species were not

available, other species such as bullhead or catfish were substituted. Single

species composite samples consisting of the edible portion of two to five fish

each were collected from Crab Orchard Lake. The number of composite
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samples and the fish species composited are identified in Table 3-6. Table 38-1

(Section 38), and Appendix C.

1.5 Mr Investigations

Air investigations consisted of a screening of each site during Phase I

using an HNU photoionization detector. Measurements obtained with the HMD

meter indicated that organic constituents were not present at levels above

Refuge background. Air monitoring was not performed during Phase II since

the Phase I results did not indicate the presence of air contamination.
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SECTION S - DATA BASE DEVELOPMENT

SJ Laboratories Utilized ->^^r- -

; The following laboratories were utilized for analysis of samples collected

from the Crab Orchard Refuge:

1. O'Brien S Cere Laboratories, Inc., Syracuse, NY (OBC)

2. Environmental Testing 6 Certification, Edison. NJ (ETC)

3. Rocky Mountain Analytical, Denver, CO (RMA)

A. Roy F. Weston, Inc., West Chester, PA (Weston)

5. Hazleton Laboratories America, Inc., Madison, Wl (HLA)

For Phase I analyses, explosives were analyzed by Roy F. Weston, Inc.;

ICP metals, selected priority pollutants, dioxins and dibenzofurans were

analyzed by ETC; and alt other parameters were analyzed by OBC

Laboratories. The laboratories responsible for the Phase II analyses are

identified on Table 5-1.

5.2 Field Data

Hydrogeological data obtained in the field are discussed in Section 4 and

are presented in Appendices A-E of Volume II. These include boring logs,

field permeability measurements and ground water elevations.

5.3 Analytical Results

Analytical parameters for Phases I and II are listed in Appendix H, along

with abbreviations and units of expression for each parameter. The analytical

results for both phases are presented by site in Appendix I. Raw data

reports from each laboratory are included as Appendices K to P of this report.
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TABLE 5-1

ANALYTICAL RESPONSIBILITIES - PHASE II

PARAnJSTSXS

1. CLP HSL Full Analysis
2. CLP HSL Volatiles
3. CLP HSL Base/Neut/Acids
4. Nitrosamines (CLP-soil)
5. Nitrosamines (low level-water)
6. CLP HSL Pesticide/PCB
7. PCBs (general, soil)
S. PCBs (low level, water)
9. PCBs (semi-low, sediment)

10. Metals - CLP HSL
11. Metals - NIPOWR (water)
12. Special - Mercury

- Cadmium
- Chromium
- Lead
- Arsenic
- Copper
- Magnesium

13. EP Toxicity - Cr
- Cd, Cr, Pb

14 . Cyanide

15. Indicators - pH
- NH3, N03, F

16. Explosives by HPLC

17. Lipids (fish) *

18. PCDD/PCDF (sediment)

19. Total Phosphorus

20. Grain Size

21. Percent Solids (soil/sed)

OBG

S
w
S

S

S

S

S
S

w/s
w/s
w/s

w/s
S

w/s

ETC

W/S
w/s
w/s
w/s
w/s
w/s

S

w/s

NOTES: 1. OBG - O'Brien & Gere Laboratories, S}

RMA RFW HLA

B

W/S
W
W/S
W/S
W/S
w/s
W/S
w/s
W

W/S

B

w/s w/s
/racuse, NY

ETC - Environmental Testing & Certification, Edison, NJ
RMA - Rocky Mountain Analytical Labs, Denver, CO
RFQ - Roy F. Weston Inc., West Chester, PA
HLA - Hazleton Laboratories America Inc., Madison, WI

2. W/S/B/ denote: W - surface/groundwater
S - soil/sediment
B - biota (fish)



Each sample Is Identified by four ID numbers, as welt as with headings

which specify:
0 the Phase In which it was collected *
0 the sample number and laboratory number

i

*" ° matrix
0 collection date

The identification key is detailed on the first page of Appendix I. Unless

otherwise indicated by a 'W qualifier in the data listing, ail soil and sediment

concentrations are reported and described in this report on a dry weight

basis.

5.4 Data Validation

5.1.1 Data Validation Procedure

A comprehensive Quality Assurance Project Plan (QAPP) was devel-

oped and subsequently revised for Phase II to incorporate the necessary

procedures to generate valid data. The Phase II QAPP was reviewed and

approved in November 1986 by the corresponding officers of EPA Region

V and Fish and Wildlife Service. The validity of the Phase II analytical

data was ensured by meeting the specific criteria as listed in the Phase I!

QAPP. The QA/QC manager, together with individual laboratory group

leaders, reviewed the data to verify compliance. The validation process

by group leaders included the review of matrix spike (MS) recoveries,

surrogate recoveries, comparability of matrix spike duplicate (MSD)

analysis, and method blank integrity. Additionally, the group leaders

checked for the adherence to accuracy and procedural criteria, unusually

high or low parameter values and possible transmittal errors.
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The overall objective was to review the raw data outputs, interme-

diate determinations, and initial calibrations as compared to those cat-

egories listed in the Phase II QAPP to determine the acceptability of the

individual data points. Based on this review, qualifiers were assigned to

each result, where appropriate, to indicate the acceptability of the data.

The laboratories involved in this program were required to employ the

procedures as listed in Table 10 of the Phase II QAPP, November 1986.

Each laboratory analyzed a group of samples for individual analyses.

Therefore, data validation was performed on each batch of samples by

parameter or scan, and worksheets were developed for each. Copies of

these worksheets are included in Appendix J.

The validation process commenced by verifying that samples were

extracted and analyzed within the holding times. The reviewer examined

the chain of custody sheets, injection logs and QC reports to verify the

frequency of initial and continuing calibration data, that the proper

volumes of standard solutions were used, and that blanks were incor-

porated with each batch. The blanks were evaluated to verify that

contamination problems were not present. The reviewers then verified

the frequency of matrix spike and matrix spike duplicate (MS/MSD)

analyses and that the appropriate quantity of standards were used as

listed in the Phase II QAPP. Next, the actual sample results were

reviewed and detection limits were calculated. All comments or questions

were noted on the individual worksheet so that discussions with the

individual operators for the specific laboratories could address the

possible excursions. The QA/QC manager then assigned qualifiers, to

each set of samples or parameters depending on the analysis performed.
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The data qualifiers are based specifically on the requirements of the

Phase II QAPP, however, several data points may be utilized even though
(Mill - • '

th« specific criteria may not have been met. Data outside of QA/QC

requirements may have been accepted but used solely for Phase 1
.1

screening purposes. These screening data assisted in the selection of

Phase II sampling locations for verification testing.

The reviewers compared what was actually performed by the labo-

ratories to the requirements of the QAPP and the overall program

objectives. The intent was to review all the deliverables for completeness

and any data anomalies for consistency with the methods cited in the

QAPP. The specific qualifiers developed for the data base are included

in the key to Appendix I.

The detection limits used in the analysis of samples in this RI/FS

were in accordance with the procedures specified in the QAPP. In some

-mi.,,. cases, the limits used were limited by the analytical instruments, the cost

of analysis, the sample volumes used, or the matrices analyzed. The

detection limits as referred to throughout the discussions of analytical

results are actually the "Contract Required Quantitation Units", which

were approved by the regulatory agencies and the contractors to provide

adequate representation of the individual samples.

5.4.2 Phase I Data Assessment

As discussed in Section 3, the principal purpose of the Phase I

sampling and analysis program was to screen broad areas to determine if

there were specific locations or specific contaminants which required

further investigation. Of the 498 samples analyzed during Phase I, Q50

' (or 92 percent) of these were soils or sediments. Since regulatory
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standards or criteria are unavailable for soil/sediment samples, the

evaluation of these data consists of relative comparisons. These

•'«"" comparisons were made either to samples from control sites or within each

individual site.

An assessment of the Phase I data was conducted by the U.S. EPA,

Region V, Contract Laboratory Management Section (CPMS) and the

Quality Assurance Office (QAO). A summary of this assessment is

contained in a February 18, 1987 letter from the EPA's Remedial Site

Project Manager (see Exhibit B). In general, EPA concluded that most of

the Phase I positive detections could be relied upon as estimated values

for screening purposes. Several exceptions were noted by EPA and these

were generally addressed during the Phase II analysis program. For

example, mercury data were repeated for several sites during Phase II

because of high contaminant concentrations detected in the blanks and

poor calibrations in the Phase I data. Phase I cyanide data were also
•Illl •»•

suspect due to QA/QC deficiencies and the analyses were repeated for

some sites during Phase II.

Some of the compounds in the Phase I CLP Volatile Organics,

Base/Neutral and Acid Extractable scans were also questioned. The most

significant of these were the analyses of nitrosoamines, since some of the

members of this class of compounds are suspected human carcinogens.

Their origin, if in fact they are present in the Refuge soils, may be a

product of degradation of explosives residues. Nitrosamines were thus

identified for special emphasis in the Phase II Quality Assurance Project

Plan (O'Brien & Cere, November 1986). Another concern expressed by

EPA was that some compounds reported as not detected may in fact be
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present. Phase II analyses were conducted using greater sensivities for

most compounds in part to address this concern.

5.A.3 Phase II Data Assessment

The Phase II data validation was conducted by O'Brien & Gere using

the procedures described in Section 5.4. The Phase II data validation

worksheets are included in Appendix J. As a result of the data

validation, data qualifiers have been assigned to the Phase II analytical

results on a sample by sample basis. These data qualifiers reflect

specific requirements or deviations from the QAPP. As noted in Appendix

J, there were several excursions from these requirements. The major

excursions were deviations from the required extraction and analysis times

for the HSL organics for several samples. Of secondary concern is that

the surrogate, MS/MSD recoveries, MS/MSD Relative Percent Deviation

(RPD) values, and detection limits for some samples were outside the QC

limits as set forth in the QAPP. An overall assessment suggests that

these excursions are minimal and that the data are useable for risk

assessment and evaluation of remedial alternatives,

The deviations in holding times were, at most, only a few days.

These deviations in holding times will not affect greatly the levels of

major contaminants observed, i.e. PCBs and lead. Volatilization or

microbial degradation of these compounds during the holding time

excursions is not expected to be of significance.

The situation where volatiles were quantitated below blank

contamination is also minor because of the trace levels found.

Approximately five percent of the samples exceeded the advisory levels of

percent recoveries and RPD. These levels are only advisory and not
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criteria for rejection. Therefore, these data are useable for risk

assessment.

The detection limits listed in the data file are In many cases above

those listed in the QAPP. Those listed in the data file are calculated

based on dry weight while those listed in the QAPP reflect as received or

wet weights. Although slightly high, the levels are satisfactory to define

the conditions of the sites.

The data base from an overall standpoint is of sound quality and

provides an accurate representation of the individual sites. A qualitative

assessment, and where appropriate, a quantitative assessment of

environmental effects can be derived from these data.

S.a.g Field QA/QC

The purpose of the field QA/QC program was to assure that

environmental monitoring data for this investigation would be of known

and acceptable quality. The general objectives were consistent with the

objectives established by US EPA CLP protocols, which are ".. to provide

a uniform basis for subsampling, sample handling, instrument condition,

methods control, performance evaluation, and analytical data generation

and reporting. " The specific field QA/QC requirements for meeting the

federal protocols for CLP and non-CLP analysis for Crab Orchard samples

were detailed in Table 10 of the Phase II QAPP (November, 1986).

Blanks, duplicates, and spikes were collected and analyzed as part

of the field QA/QC program. Blanks were employed to ensure that

neither glassware nor proceaurai comdmi nation had occurred. The blanks

consisted of deionized water for ground and surface water matrices, and

washed/dried analytical grade sand for soil/sediment matrices. The blanks
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are identified by a separate ID field (Site 42) and laboratory sample

number.

Field duplicate samples were treated and packaged as separate

samples, but were analyzed by the same laboratory for a given set of

analytical parameters. The samples were field homogenized, divided

equally, and submitted for analyses as distinct samples. Duplicate

samples are identified in the sample ID listing as Site 40. The analysis

results provide information as to the precision of both the analytical and

sampling programs.

Spike samples were treated exactly as the field duplicates until they

were received by the laboratory performing the analyses. Each

laboratory used the samples designated as spikes (Site 41) and integrated

them as part of their internal QA/QC samples for each batch. When no

spike samples were received with a particular shipment, the laboratories

prepared a laboratory spike for analyses with that particular batch.

Of a total of 1061 samples collected as part of the remedial

investigation program, approximately 9% (93) were field duplicates, 7%

(76) were field spikes, and 4% (44) were field blanks. The number of

QA/QC samples collected met or exceeded the requirements for

water/soil/sediment investigations set forth in the QAPP.

From the review of the field QA/QC analytical data, thirteen (13) out

of eighty two (82) soil/sediment duplicates were reported as having

concentrations at least one order of magnitude different (+/-) from their

corresponding samples for at least one constituent. All of the water

„.., [ ' . ' . ] _ - ' , - . r 'osely matched the Concentrations in their

respective samples.
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A review of the field spikes was completed as part of the laboratory

data validation since most of the samples designated as field spikes were

used as th« batch spike in the laboratory when possible. The analytical

data listing in Appendix I includes the qualifier 'R* for data points in

which the MS/MSD results were outside of QA/QC limits.

The analytical results for the field water blanks showed trace

amounts of copper (below 0.7 to 3.1 ug/L), and lead (below 1 to 6.2

ug/L). Similarly, the soil field blanks contained copper (below 0.7 ug/L

to 0.77 ug/L). All other parameters were either below detection or were

also detected in the laboratory blanks. A total number of 12 out of 44

blanks were reported as having parameters above the detection limits.
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SECTION 6 - EVALUATION OF HUMAN HEALTH AND

ENVIRONMENTAL EFFECTS

6.1 General

This section outlines the principles and approaches used to evaluate the

environmental risks that may exist at the sites included in this Remedial

Investigation. Two general tasks are described: 1) the identification of

potential exposure pathways, otherwise known as a qualitative assessment; and

2) the quantitative risk characterization process. The overall risk

characterization approach is outlined in Figure 6-1.

The assessments described in the following sections are based on the

chemical, physical, biological, and toxicological properties of the waste

constituents. The properties of several contaminants detected at the Refuge

(cadmium, copper, chromium, cyanide, lead, nitrosoamines and PCBs) are

contained in Exhibit A (Clement Associates, Inc., September 1985). These

contaminants are among those addressed in the discussions of environmental

effects in Sections 24. 29, 34, 35, 36 and 37.

6.:? Regulatory Criteria and Standards

Wherever possible, analytical data obtained during the Rl are compared to

appropriate regulatory criteria or standards. With the exception of PCBs, as

discussed later, no such criteria have been established for contaminant levels

in soils or sediments. There are Federal and Illinois regulations governing

surface waters, ground water, and fish.

These standards and criteria include: drinking water Maximum

Contaminant Levels (MCLs), federally approved state water quality standards

developed under the Clean Water Act (e.g. Illinois General Use Water Quality
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Figure 6-

Risk Characterization Process

CHARACTERIZE SITE
Site History and Description

Pertinent Hydrological Information

CHARACTERIZE WASTES
Nature of Materials

Environmental Dynamics of Constituents
Selection of Contaminants for Risk Analysis
Residual Concentrations of Contaminants

^__^^^^ j •

IDENTIFY COMPLETE EXPOSURE PATHWAYS AND SCENARIOS

ESTIMATE EXPOSURE POINT CONCENTRATIONS

* i

COMPARE PREDICTED EXPOSURE POINT CONCENTRATIONS TO
RELEVANT ENVIRONMENTAL CRITERIA IN ORDER TO DETERMINE

WHETHER RESIDUES AT SITE REPRESENT AN ACCEPTABLE
HUMAN HEALTH AND ENVIRONMENTAL RISK



Standards), EPA Health Advisories (SNARLs: Suggested No Adverse Impact

Levels) and EPA Ambient Water Quality Criteria (AWQC). These standards

cind criteria are used as the relevant ambient concentration requirements for

the protection of human health.

Samples from ponds, lake water, and ground water were compared to

Federal MCLs and Illinois standards. For those parameters which are not

presently regulated under these criteria, the data were compared to federal

AWQC for aquatic life and for human health protection, where appropriate.

The regulations for surface water and ground water are contained in the

"Illinois Water Pollution Control Rules," Illinois Administrative Code, Title 35,

Subtitle C, 1972, as amended through January 1987. General Use Water

Quality Standards are specified in Subpart B of this regulation, and standards

for public water supplies are in Subpart C. "General use" indicates usage for

aquatic life, agricultural use, primary and secondary contact, and most

industrial uses. "Public water supply" indicates that the water is withdrawn

for treatment and distribution as a potable supply or for food processing.

Ground water in Illinois is generally classified as a public water supply.

Table 6-T summarizes the applicable standards for general use waters and

public water supplies. For the area investigated in this Rl, the following

water bodies are classified as general use: all tributaries to Crab Orchard

Lake, and all natural ponds and impoundments throughout the Refuge. Crab

Orchard Lake is used as a public water supply by the Refuge, and the

investigations for Site 34 address the water quality of the Lake. Ground

water at the Refuge is also classified as a public water supply. Ground water

samples collected for metals analyses were filtered when possible, to represent

the water quality that would be obtained if the water was withdrawn for

consumption, or the fraction that could potentially migrate via the ground
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TABLE 6-1
REGULATORY CRITERIA

Source; Illinois Administrative Code, Title 35, Subtitle C, 1972, as
amended through January 1987.

Constituent

PH
Arsenic (total)
Barium (total)
Boron (total)
Cadmium (total)
Chloride
Chromium (total)
Chromium (total hexavalent)
Chromium (total trlvalent)
Copper (total)
Cyanide
Fluoride
Iron (total)
Lead (total)
Manganese (total)
Mercury (total)
Nickel (total)
Nitrate-Nitrogen
Oil (hexane-solubles)
Pesticides/Herbicides

Aldrin
Chlordane
DDT
Dieldrin
Endrin
Heptachlor
Heptachlor Epoxide
Undane
Methoxychlor
Toxaphene
Parathion
2 ,4-Dlchlorophenoxyacetic

acid (2.4-D)
2-(2,4,5-Trichlorophenoxy)

propionic acid (2,4,5-
TP or Silvex)

General Use
Water Quality

Standards

6.5 - 9.0
1.0 mg/l
5.0 mg/l
1.0 mg/l

0.05 mg/l
500. mg/l

0.05 mg/l
1.0 mg/l

0.02 mg/l
0.025 mg/l

1.U mg/l
1.0 mg/l
0.1 mg/l
1.0 mg/l

0.0005 mg/l
1.0 mg/l

Public and
Food Processing

Water Supply Standards

6.5 - 9.0
0.05 mg/l
1.0 mg/l
1.0 mg/l

0.010 mg/l
250. mg/l
0.05 mg/l
0.05 mg/l
0.05 mg/l
0.02 mg/l

0.025 mg/l
1.4 mg/l
1.0 mg/l

0.05 mg/l
0.15 mg/l

0.0005 mg/l
1.0 mg/l
10. mg/t
0.1 mg/l

0.001 mg/l
0.003 mg/l

0.05 mg/l
0.001 mg/l

0.0002 mg/l
0.0001 mg/l
0.0001 mg/l

0.004 mg/l
0.1 mg/l

0.005 mg/l
0.1 mg/l

0.1 mg/l

0.01 mg/l



TABLE 6-1
(Continued)

Constituent

Phenols
Phosphorus
Selenium (total)
Silver (total)
Sulfate
Total Dissolved Solids
Zinc

Toxic Substances

General Use
Water Quality

Standards

0.1 mg/l
0.05 mg/l

1.0 mg/l
0.005 mg/l

500. mg/l
1000. mg/l

1.0 mg/l

Public and
Food Processing

Water Supply Standards

0.001 mg/l
0.05 mg/l
0.01 mg/l

0.005 mg/i
250. mg/l
500. mg/l
1.0 mg/l

Any substance toxic to aquatic life shall not exceed one-tenth of
the 96-hour median tolerance limit (96-hr. TL ) for native fish or
essential fish food organisms, except for USEPA registered pesti-
cides approved for aquatic application.



Tabla 4-2

FEDERAL MIMK1NC WATER STANDARDS
MAXIMUM CONTAMIMAMT LEmS IN UATER

HIPII •

PARAMETER AIMS- MITB
VIATIC*

VOLATILE* ft S8UVOUTILCT

1 1,1.1-TrfchlorMthM CL3CCJO ug/l
4 1.1-DlcMoroattana DCETAN11 ug/l
5 1,1-Dfchloroatham DCLOI11 ug/l
* 1,2-Dtchloroathan* OCE7AN12 ug/L

U Mnzana KX2 ug/l
21 C«rbon tatrachlorlda CCU ug/l
22 Chlorobanzana CLOMtZ UB/L
28 Ethylbaniana ETMlCTg ug/L
S3 Styrana STTRCNE UQ/L
35 t-1,2-0(c)iloro«th«nt DOEM12 ug/L
37 T*tracMorttth«rw CUC2 ug/L
38 Toluvw TQUJBC u«/l

Tottt TrihalontthcnM HIM ug/l
39 Total Xylvws XTLEVCS ug/L
40 TrlehloTMthww O3C2H ug/L
43 Vinyl chlor<d* OCCTa uaA

110 Ptnt»chloroph«nol f̂ NCLPHOL ug/L

PESTICIDES/PCM

236 2,4-0fcMorophcnaxy»c<d H24-0 ug/L
237 2.4,3-TF Sllvw H24S-TP ug/L
134 Endrln ENDRIM ug/L
137 CWM-IHC (L(ndm) LIHDAME ug/L
140 Ncthaxychlor MCTNXTCR ug/L
141 ToxsphvM TOKEME ug/L
227 Total PCS Aroclon TPCSAR ug/L

METALS

160 Artanic AS vg/L
162 lariuM M a«/L
166 Cadafui CD a«/L
170 ChroaiuB CR a»/L
174 Copper CU *g/U
176 Iron Ft Mg/l
178 La^ Pt "O/L
182 ManganaM Mi ag/L
184 Marcury NC Hg/L
190 SalanluB SC a«/L
192 Sllvw AC
202 Zinc ZM

IKDICATOtS

231 Chlorfda a «sA
216 Fluorida F «o/L
217 Nltrata Nltrooan NQ3N «g/L
218 Hitrtta Nttrogan N02)l og/L
219 PH PH au.
233 Sulfata SO4 Hg/L
235 Total Dt»»olvtd Sol Ids TDS -8/L

200

4
10

6.5-8.5
250
500

NO*

200

7
5
5
5

100

5
2

100
10

0.2
4

100
5

0.05
1

0.01
0.05

0.05

0.002
0.01
0.05

7
0
0
0

60
680
140
70

2000

440
0
0

220 *

70
52

0.2
340

0

0.05
1.5

0.005
0.12
1.3

0.02 t

0.003 *
0.045 «

10
1

1
0.3

0.05

250
2

6.5-8.5
250
500

KOTES:
• Potential MCI, Fadaral R*9<>tar
* Proposad MCLG

March 4, 1982



It lull

water table. Maximum contaminant levels (MCLs), Maximum contaminant level

Coals (MCLGs), and Secondary MCLs (SMCLs) for a broader list of parameters

are included as Table 6-2. This table was generated from regulatory criteria

established or proposed by EPA, published in the Federal Register.

Ambient water quality criteria for protection of human health and aquatic

life have been listed in Table 6-3. The criteria, established by the U.S. EPA

(EPA 440/5-86-100, updated through Sept. 1986), are based on: a) use for

which the body of water is to be protected or designated (such as recreation,

agriculture, or fish and wildlife); and b) a qualitative pollutant concentration

limit which will support that use. Since methods do not exist that establish a

threshold for carcinogenic effects, the U.S. EPA recommends that the

concentration of known carcinogens be zero for maximum human health

protection. However, because zero levels of concentration may be unfeasible

in many situations, a maximum target risk level was established. For example,

• one criterion may indicate that exposure to a carcinogen through the lifetime

daily consumption of water and edible aquatic organisms could result in one

additional case of cancer in a population of 1,000,000 at a concentration of 0.1

ug/L (10 cancer risk), and one additional cancer risk in a population of

100,000 at a level of 1.0 ug/L (1 x 10~ cancer risk). The criteria listed in

Table 6-3 reflect the risk level targeted by the U.S. EPA for carcinogens or

10 , for the protection of human health. The ambient water quality criteria

for aquatic life shows an average concentration which should not be exceeded

during any 24 hour period, and a maximum concentration which is based on

the value for chronic toxicity to aquatic organisms.

Environmental contamination of food fish with PCBs is regulated under

Sections 402(a) and more specifically. Section 406, "Tolerances for Poisonous

Ingredients for Food", of the amended Food, Drug, and Cosmetic Act of 1938,
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TAilf 6-3 (Paga 3)

FEDEIAL AMIEVT UATEI QUAL1T7 OUTER1A

miCTED PAJUKTEM FRCM SEPT. 198* UK

Frashwatar Aquatic life BMlth

PARAMETER

Endoawlfan
EndHn
CaaM-IHC (Undana)
Guthton
daptaehlor
Malathlon
MathoxycMor
Nlrw
Parathion
PolycMorlnatad Itpnanyla
Toxaphana

METALS 1 OTHEftS

Ant fanny
Araanlc
Araanfc (Pant)
Araanic (Trl)
larluB
BaryllfuB
C*daiu«
Chroariua VI
Chroaiicai MI
Copper
lr«n
Lead
Nanganaa«
Narcxry
nickel
S«lanfuM
Sflvar
Thai HUB
Z1nc
Cyanfda

UNITS

PPb
ppb
PPb
ppb
PPb
PPb
PPb
PPb
PPb
ppb
PPb

ppb
PPb
PPb
PPb

PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb

24 Rr Avj

0.056
0.0023

0.08

0.01

0.0038
0.1

O.OS
0.001

0.04

0.014

0.013

1.600*

48"

390"

5.3"
1.1*

11

210*
12*

1000

3.2*

0.012
96»

35
0.12
40"

47

5.2

Max Cone.

0.22
0.18

2

0.52

2
1.6

9.000*

850"
360"

130"
3.9*

16
1,700*

18*

82*

2.4

1.800*
260

4.1*

1,400"
320*

22

Water and Hah
^ !-•-!• I a^nt I fanIrWUâ C 1 Orl

7.40TKM
1.00E+00
1.868-02 *

2.BOC-04 f

1.001*02

7.90C-05 f
7.10E-04 t

1.46E*02
2.20E-03 *

1.00E*03
6.80E-03 f
1.00E+01
5.00E-MJ1

1.70E*05

3.00£*02
5.00C»01
5.00E+04
1.44E-01
1.34E«01
i.ooe»oi
5.00£*01
1 .30E»01

2.00E*02

• Har«*waa Dapandant Crftarfon (100 ng/t uaad)

" Lowaat Obaarvad Effact Laval (freshwatar aquatic IHa)

ND Inaufflclant data to davalop crltarlon

f Hunan Health CHtarfa for Carcinogens Reported for 10C-6 Laval



cis amended through 1987. This latter section allows for the establishment of

"'tolerances" or action levels for "unavoidable" environmental contaminants

(Including potential carcinogens) by the Center for Food Safety and Applied

Nutrition of the Food and Drug Administration (FDA). Considerations entering
*

into the tolerance level include an assessment of the risk posed by the

contaminant, availability of suitably sensitive analytical techniques for

monitoring, and economic considerations. The FDA risk assessment typically

employs examination of available animal test data, using no-observed-effect

levels and appropriate margins of safety to derive acceptable daily intakes for

threshold toxins or unavoidable environmental carcinogens such as aflatoxins in

peanuts. Food found by the FDA's nationwide monitoring network to be in

excess of the established tolerance is considered to pose a potential risk to

health and can be removed from the marketplace. At present, the established

FDA tolerance for PCBs in food fish is 2 mg/kg in the edible tissues

(previously 5 mg/kg), and for mercury the tolerance level is 1 mg/kg. There

are no FDA tolerance levels for cadmium or lead.

The Toxic Substances Control Act of 1976 (TSCA) was enacted by

Congress in order to consolidate regulation of commercial chemicals (of which

there are at least 100,000) which do not fall under the regulatory jurisdiction

of other congressional acts (i.e. the Food, Drug, and Cosmetic Act, or the

Federal Insecticide, Fungicide, Rodenticide Act, etc.), but which may pose an

unreasonable risk of injury to health or the environment from production, use

or disposal. One of the most significant provisions of TSCA, Section 6 ( e ) ( 2 ) ,

mandates the U.S. EPA to eliminate the manufacture, processing, commercial

distribution, and use of any PCBs except under totally enclosed conditions,

with only certain exceptions. This action was taken due to the widespread en-

vironmental dissemination of this persistent, bioaccumulative, and potentially

6-4



TAKE 6-3 (Page 1)

PEDEXAt AM1ENT MATE* QUALITY OUTE1IA

KLECTED PARAMETER! FR
Fraahwatar Aquatic LI fa

PARAMETER

VOLATILE!
1,1,1-TrlcM oroathana
1.1,2,2-Tatrachloroathana
1,1,2-Trichloroathana
1, 2 -Olch I oroathana
Mm ana
Carbon tatrachlorldt
Chlorlnatad banzanaa
Chlorlnatad naphthalana«
Chlorofom
Dlchloroathylanaa
Dlchloropropanaa
Olchtoropropanaa
Ethylbanzana
Honoch 1 orobanzana
Tat rach I oroathanaa
Tat rach I oroathana
Totuana
Tr I chl oroathana
Vinyl chlorlda

SEMI -VOLATILE!
1,1,1 rrfchloroathana
1,2-Olphanylhydrazlna
2,4,5-Trlchlorophanol
2,4,6-Trlchlorophanol
2,4-Dlchlorophanol
2.4-DlMthylphanol
2,4-01nltro-o-cra«ol
2.4-Dlnltrophanol
2,4-Olnltrotoluana
2-Chlorophanel
3.3-Oichlorobanz1d1na
4-CMoro-3-H*thylphanol
Acanaphthana
Acrolaln
Acrylonltrlla
ftanzldlna
lit (chloroMthyl) tthtr
IU (2-chloroathyl) athar
Sit (2-chloroitopropyl) ether
lit (2-«thylhaxyl) phthtlitt
Oiloroalkyl Ethart

UNITS

PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
pob
PPb

PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb
PPb

24 Nr Avg
Fh.rjm.lfbnl VHC

2,400"
9,400"
20,000"

50"

1,240"

5,700**
244"

840"

21,900"

970"
365"

230—
2.000—

520—
21"

2,600—

238,000—

MM Cone.

118,000"
5,300"
33,200"
250"

1,600"
28,900**
11,600"
23,000"
6,060"
32,000"

9320"
5,280"
17,500"
45,000"

270—

2,020—
2,120"

330**
4.380—

30—
1,700—

68—
7,550"
2,500"

•aalth

Uatar and Flah
Conau^tton

1.84E*04
1.70E-01
6.00C-01
9.40E-01
6.60E-01
4.00E-01
4.88E*02

1.90C-01 9
3.30E-02 •

8.70C+01
1.40E+03
4.88E*02

8.00E-01 f
1.43E+04
2.70E*00 9
2.00E*00 *

1.84E«01

2.60E«03
1.206*00 *
3.00E+03

1.346*01
7.00E*01
1.10E-01 f

1.00E-02 »

3.20E»02
5.80E-02 f
1.20C-04 f
J./t>t-06 *

3.00E-02 f
3.47E»01
1.50E*04

July 19. 1988



TASLf 6-3 (Page 2)

FEDOUL AmiENT UATE* QUALITY OUTE1IA

SfUCTEO PAKAMETEM FROM SEPT. 1986 UK
Freshwater Aquatic life Nuaan Bealth

PARAJCTCI UNITS 24 lr Avi Max Cone.

Qironle Acute

DlcMorobanzenes
Dlethylphthatate
Dlwthyt phthalate
Dl-n-butyl phtiulata
Olnltrotoluenes
Ofphenylhydrmjtne
Muor an thane
H«xachlorotaru«M
K«xadilorobutadf<n*

H«Mchloro«tharw

N*n1tro*odfbutyla*in«

N-nitrocodfMthylMirw

N-nitro«cpyrrolldfn*
Naphthalene
(Htrobwuan*
Mltrophanolt
N<tro*M<n««
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toxic class of compounds. In the ensuing ten years since TSCA was enacted,

the U.S. EPA Administrator has promulgated and finalized rulemaking pursuant

to this section of TSCA.

With regard to spills of PCBs, the U.S. EPA policy (40 CFR 761 Subpart

C) states that spills resulting in contamination at or exceeding levels of 50

parts per million (ppm) require immediate notification and initiation of cleanup

within 24 hours. Other provisions of the policy require decontamination of soil

in nonrestricted access areas to a 10 ppm level, and cleanup in restricted

areas to a 25 ppm level. Low contact outdoor surfaces and low contact indoor

surfaces shall be cleaned to 10 micrograms per square meter. Standards for

spills to surface waters, drinking water, grazing land and vegetable gardens

will be set by EPA case-by-case. Additional relevant standards and guidelines

for drinking water and ambient air are listed in the report. Development of

Advisory Levels for PCBs Cleanup, U.S. EPA, May 1986.

Nitrosoamines were detected at several sites within the Refuge, and it is

speculated that their presence may be derived from the degradation of

explosives residuals. The levels detected (0.021 to 3.58 mg/kg in 16 of 33

study sites) are qualitatively reliable although quantitatively estimated due to

insufficient QA/QC support data. These levels are significant due to concerns

that nitrosoamines might be carcinogenic in humans and wildlife. However,

several studies on toxic effects from these compounds have been related to

exposure to nitrosoamines in the water phase, since they generally exhibit a

low log octanol/water partition coefficient and extensive sorption to particulates

Is unlikely (see Exhibit A). The detectable concentrations of diphenyl and

dimethyl nitrosoamines at Crab Orchard Refuge were all associated with

soil/sediment matrices. A quantitative risk assessment to address the risk

associated with nitrosoamines is presented for Sites 12 and 19 (Sections 19 and
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26), as th« highest concentrations of the dtphenyl isomer was detected at Site

12, and th« highest concentration of the dimethyl isomer was detected at Site

19. For other sites where nitrosoamines were detected at lower levels, a

qualitative risk assessment is presented, comparing the levels of risk to those
»

discussed under Sites 12 and 19. The cumulative toxicity due to the presence
f i

of nitrosoamines at sites where other potential carcinogens may be present

have been estimated by adding the risk from nitrosamines to the risk posed by

Hhe other contaminants, if any, at the site. To account for the uncertainty in

t:he quantitation of these compounds from the Phase I investigation, a factor of

two (2) times the measured analytical result has been used in this report to

estimate the quantitative risk from nitrosoamines.

The standards or criteria used as a first basis for comparison for other

contaminants found at the Refuge such as lead, cadmium, chromium, mercury,

and cyanide included applicable Federal and Illinois State standards for waters.

For soil/sediment matrices, for which no standards exist, the concentrations of

these parameters were discussed in reference to the levels detected at the two

control sites included in this investigation. Section 8.0 presents the

characterization results for the control sites. Section 8.4 and Table 8-1

discuss the levels of different inorganic and organic constituents typical in

Refuge soils. In addition, the concentrations of inorganic parameters in soils

were compared to typical values for U.S. soils, based on studies reviewed in

the literature. Organic parameters, when detected, are discussed in the

subsections for 'Environmental Effects' for each site.

6.3 Qualitative Assessment

A hazardous chemical may represent human or environmental risks only if

humans, animals, wildlife or sensitive ecosystems have the potential to be
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exposed to (i.e. contact) the material In sufficient quantity to affect either the

health of the individuals or the general ecological balance. Exposures to the

wastes can occur in numerous ways. Examples of potential exposure scenarios

related to an uncontrolled hazardous waste site may include the following:

Ingestion of surface water or ground water containing solubilized

contaminants or ingestion of contaminated surface water sediments.

Inhalation of volatile contaminants or contaminants airborne in

association with particulates.

Ingestion of biota (e.g. fish) which have bioaccumulated a

contaminant released from the waste site.

Dermal absorption or ingestion of contaminated materials resulting

from direct contact with the source of materials at the waste site.

Four basic pathways of exposure are addressed: air, surface water,

ground water and direct contact. Each of these exposure pathways may have

one or more exposure scenarios associated with them. Although it may be

possible to postulate numerous hypothetical scenarios of exposure for each of

the basic exposure pathways, a "complete" exposure scenario (i.e. one

potentially posing a risk) must include the following components:

1. A waste source and a mechanism of release from it. Examples of

release mechanisms include volatilization, wind scour, surface runoff

and leaching.

2. A viable transport mechanism (air, surface water, or ground water)

from the waste source to a potential receptor point.

3. A potential receptor population (humans, plants or wildlife) or

location (i.e. sensitive ecosystem) for a contaminant released and

transported from the waste source.
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4. An exposure and uptake route (Inhalation, ingestion, or dermal

absorption); i.e. a mechanism by which the receptor absorbs the

contaminant allowing It to exert its toxic effect.

If any one or more of these components are missing, an exposure scenario

Is by definition incomplete and, therefore, poses no risk to health or the

environment. The one exception is the direct contact exposure pathway, a

transport mechanism not necessarily involved, since the source is contacted by

a receptor. Exposures to humans or terrestrial wildlife populations by direct

contact may occur via contact with exposed soil or waste residues or by

burrowing or excavation to expose subsurface residues.

Important release mechanisms and exposure routes for each of the four

basic exposure pathways are described in Table 6-4.

In some instances, contaminant concentrations are well below appropriate

action levels such that a quantitative assessment may not be required to

conclude that the contaminant does not pose a health or environmental risk.

Generally, however, a quantitative risk assessment is performed for all

'complete1 exposure pathways If contaminant residues potentially pose a risk of

exposure, regardless of whether appropriate action levels are exceeded. The

approach to quantitative risk assessment is discussed in the following section.

fr. 4 Quantitative Assessment

Quantitative risk characterization is carried out only for potentially

"complete" exposure pathways and their identified scenarios. The risk

characterization process used in this assessment involves three steos: 1)

selection of waste constituents to serve as indicators of the potential

environmental and health significance of the waste; 2) the prediction of

exposure point concentrations at receptor locations; and 3) the comparison of
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TABLE 6-1

GENERAL CONTAMINANT RELEASE MECHANISMS .
AND

EXPOSURE ROUTES

Mechanisms of Release
Exposure Pathways From the Waste Source Exposure Routes

Air Contaminated dusts Inhalation
Volatilization of contaminants Inhalation

Surface Water Site runoff (dissolved and suspended load) Ingestion, Inhalation, dermal absorption
Site leaching followed by ground water seepage Ingestion. Inhalation, dermal absorption

Ground Water Site leaching Ingestion. inhalation, dermal absorption

Direct Contact Contact with contaminated soils Ingestion. inhalation, dermal absorption
Contact with contaminated flora and fauna Ingestion, Inhalation, dermal absorption
Secondary human contact Ingestion, inhalation, dermal absorption



the predicted exposure point concentrations with relevant action levels to

establish whether the waste represents an unacceptable risk to human health,

aquatic life, wildlife, or the environment.

Indicator chemicals for use in the quantitative exposure analysis are

selected based on a "waste characterization" which considers 1) the nature and

history of the waste material and 2) the environmental dynamics and the

toxicology of the waste's constituents. Predicted exposure point concentrations

are then generated for each selected indicator chemical. Site specific data for

each indicator chemical and conservative modeling procedures depicting

reasonable "worst case" scenarios are used in generating the predictions.

Finally, the predicted exposure point concentrations for each indicator species

are compared to the relevant action levels for the protection of human health,

aquatic life or wildlife. Regulatory criteria used as basis for comparison are

described in Section 6.2.

In those cases where contaminant concentrations in the complete exposure

pathways do not exceed appropriate action levels, or those for which no

standards exist, a qualitative risk assessment is performed to evaluate the

potential for exposure to humans or wildlife. A quantitative assessment may or

may not be necessary depending on the results of the qualitative assessment.

If the concentrations exceed the criteria used as a basis for comparison, both

qualitative and quantitative Assessments are prepared. The remedial actions

for the FS, If needed, are then based on the results of this risk-based

evaluation.

When a quantitative assessment is required, exposures are quantified for

alt active exposure routes (e.g., diet, drinking water, inhalation, or dermal

absorption) to determine intakes for acute, subchronic, and chronic lifetime

exposures by the receptor. For carcinogens, unit risk factors generated from
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animal test data using recently promulgated guidelines for performing risk

assessments of carcinogens (USEPA/ICF, May 1985) are combined with intake

data to derive a quantitative estimate of the Incremental cancer risk. This

vafae Is compared to site circumstances, magnitude of exposed receptor

populations, and other factors in order to determine the acceptability of the

exposures for non-carcinogens (i.e. reproductive toxins, organ and systemic

toxins). Acceptable daily intakes established by the USEPA or other agencies

are evaluated for comparison to estimated exposure levels under acute,

<;ubchronic, and chronic conditions. Again, if these values have not been

generated, appropriate animal test data are used, if available, determining "no

observed adverse effect" levels and using appropriate margins of safety in

order to determine the potential for health risks to exposed receptors at the

estimated intake levels.

In the evertt that several carcinogenic contaminants are present at a site,

the calculated risks to humans or wildlife are added to determine the

cumulative risk level. For noncarcinogens acting by similar toxic mechanisms,

exposure levels respective to the acceptable daily intakes are added to

determine if an overall acceptable daily intake is exceeded. An example is

illustrated in the assessment developed for Site 17 (Section 21.1); additive

risks were not applicable for any other sites at the Refuge. This procedure

might be used even if the concentrations of the individual constituents are

below the corresponding standards or criteria.

In cases where action levels or standards have not been established, an

evaluation to determine the potential health risks to receptor* i<: performed

There are a number of circumstances under which such an evaluation may be

necessary. For instance, the existing data base may indicate that the material

is essentially innocuous at any reasonable environmental concentration.
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Conversely, there may be insufficient data to establish an action level. In

these cases, attempts are often made to identify a chemically analogous

compound with adequate toxicity data in order to qualitatively characterize the

hazardous properties and potential risks of the contaminant in question. In

cases were the compound has associated lexicological concerns but no action

levels have been set by regulatory agencies, the quantitative risk assessment

is initiated by deriving scientifically sound acceptable intake levels and

carcinogenicity risk factors (if appropriate), followed by a quantitative risk

estimation as described above. In addition, for non-human receptors, risk at

a site may be estimated by site bioassays and/or histopathological examination

of indicator species collected from the site.

6.5 Analysis of Uncertainties

Procedures employed in the derivation of environmental criteria and

standards for environmental contaminants and in performance of case-specific

quantitative risk assessments have historically been extremely conservative in

order to be most protective of public health and the environment in the face of

a broad spectrum of scientific and case-specific uncertainties. As a result,

assumptions and estimates, and data inputs selected for quantitative risk

assessments generally tend towards the "worst case scenario" for exposure,

hazard evaluation, and choice of models for risk estimates. While there is

nothing inherently invalid with this approach from either scientific or

regulatory perspectives, it is important to recognize that the collective

uncertainty and subsequent conservative estimates can result in "worst case"

estimates which can be far removed from the most probable "real world" or

site-specific situation.
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The following is a brief and by no means exhaustive enumeration of some

of the areas of uncertainty most frequently encountered in exposure and risk

characterization.

' Exposure:

a. The environmental chemistry of waste site contaminants Is often

poorly defined. In the absence of persistence or dissipation data

(re: biological and chemical degradation, or volatilization tendencies,

etc.) in the appropriate media (soil, surface and ground water, air),

assumptions for exposure estimates are often made concluding that

degradation does not occur, when it very well may at the site in

question. The lower tendencies for transport by volatilization or

solubilization of the contaminants found at the Refuge including

PCBs, explosives, lead, and other metals, which tend to adsorb on

the silty clay soils typical of the site may not be recognized.

b. Due to insufficient site analysis, estimates concerning the velocity of

vertical and horizontal movement of a contaminant plume in the

unsaturated and saturated zones are often made ignoring the very

important retarding influence which contaminant partitioning to soil

organic matter may have. By equating contaminant velocity with

ground water velocity, potential important destructive mechanisms

are largely negated. On the other hand, the presence of solvents in

the soil could enhance the transport of normally immobile substances

such as PCBs.

c. Knowledge on the systemic absorption of contaminants under various

conditions is typically uncertain. For example, the bioavaiiability of

soil or dust-bound contaminants via ingestion or dermal and

inhalation exposure is still scientifically uncertain, particularly for
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contaminants with high adsorption coefficients. Similarly, in aquatic

systems, the propensity of sediment-adsorbed contaminants to

bioaccumulate and produce food chain magnification, or induce

toxicity in the absence of measurable residues in the free water

column is largely a function of the physical properties of the

contaminant, and the exposure medium. Benthic organisms can

potentially be impacted by sediment bound contaminants, especially if

the contaminant can desorb to some degree and establish locally

significant water concentrations in the interstitial spaces of bottom

sediments.

d. Assumptions concerning intentional or unintentional dietary exposures

to site contaminants are often made without knowledge of the

contributions of various sources (i.e. fish and game, predator

species, vegetation, locally grown vegetables) to local human and

wildlife populations. Furthermore, groundwater is often equated

with potable water, which can be an invalid assumption in many

areas.

e. Crab Orchard Nation? Wildlife Refuge represents a vast and diverse

habitat for both terrestrial and aquatic biota, as well as providing a

wide range of recreational opportunities for humans. As described

later in this report, a number of sites exist within the Refuge which

contain residues of waste materials which may present the possibility

for multiple exposures. In the risk assessments which follow,

exposure risks are considered on a site-specific basis only, because

there is no reasonable quantitative method to determine, for example,,

how frequently an individual hiker might traverse a given area with

potential exposure to one waste component, and at some different:
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time become exposed In a different area to the same or a different
•

waste constituent. A similar potential exists for fish and wildlife.

Mobile animals such as deer and birds, as weil as fish, which are

1 relatively free to move from area to area, potentially receive diverse
/

exposures of varying types and degree. By the same reasoning,

mobile species may also spend most of their lives in non-contaminated

areas, a high probable situation given the relative abundance of

non-industrial areas on the Refuge.

In order to deal with this uncertainty, exposure scenarios were

constructed with a worst case approach for both human and wildlife

risk assessments. For humans, repeated visits to specific sites were

assumed to occur over at least a portion of the individual's lifetime,

with upper case values for exposure assumed. With wildlife, lifetime

exposures were modeled for smaller and less mobile wildlife species

(ie. rodents, resident birds) spending all or most of their life time

living within the confines of a specific area. Exposures to more

mobile species were somewhat adjusted in consideration of differences

in habits (burrowing seed-consuming mice vs. free-ranging,

browsing deer), relative to the resident species. It was felt that

this approach would adequately model the worst case exposures of

humans and mobile wildlife at the Refuge, regardless of whether the

exposures were produced from individual exposures at a variety of

sites, many exposures at a specific site, or some combination there-

of.

Hazard and Risk Assessment:

Due to the generally Inadequate data base on the effects of

contaminants on human and aquatic wildlife populations, data on the toxic
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effects of these materials are generally taken from controlled tests with

laboratory animals. Dose-response data from these tests are then

extrapolated using •uncertainty factors" (margins of safety) to derive

acceptable exposure levels for threshold toxins or, in the case of
*

presumed non-threshold toxins (carcinogens), data are entered into

biostatistical models to derive estimates of incremental risks of disease

resulting from expected lifetime exposures. Since It Is held by regulatory

groups that there are no safe exposures to a carcinogen (all exposure

levels carry some risk of cancer), margins of safety are not appropriate.

Instead, an upper bound estimate of the dose-tumor response relationship

is used for extrapolation. Also, lifetime exposures of humans vs. animals

are considered to be equivalent. Physiologically, a 2-year old mouse is

considered to be roughly equivalent to a 70-year old human. Therefore,

extrapolation of lifetime exposures based on the effects to laboratory

animals is typically used in the evaluation of risks to humans.

The results of the biostatistical model are employed by various

regulatory agencies. This entire process contains many stages for

introduction of uncertainty, as discussed below.

a. For practical purposes, laboratory animals such as rats, mice,

rabbits, dogs, etc. are used to generate dose-response data.

Extensive research on the toxiclty of PCBs to minks and ferrets,

conducted by researchers at Michigan State, has also been used in

this report in the development of environmental effects. It is

generally assumed that these animals respond qualitatively similar to

humans or to the receptor at risk for the entire range of acute,

subchronic, and chronic toxic effects, and that quantitative
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differences can be controlled with the use of uncertainty factors in

standard setting. Exceptions to this assumption are numerous.

b. Dose-response data can be profoundly affected by Inaccuracies in

data measurement. While current toxicity data are typically

generated under a system of good laboratory practices, many

standards are set based on older studies which have insufficient

reporting data to verify the accuracy of such key elements as animal

body weight, identity, composition, stability of the test material, and

verification of the delivered dosage. Interpretation of pathology

data can also introduce uncertainty. For instance, the .use of

chemically-induced liver nodules in rodents to predict human cancer

is highly controversial.

c. Due to the limited toxicological data base, and the variations of

response between species and between members of human and animal

populations, "uncertainty factors" or margins of safety, are typically

employed to set conservatively acceptable intake levels of threshold

toxins. For instance, a ten-fold factor is used to extrapolate a no

ooserved effect dose level (NOEL) from animals to humans or to

potentially more sensitive animal populations. Another factor of ten is

used to account for the most sensitive elements of the human

population. If a NOEL is not available, a lowest observed effect

level (LOEL) is often used with an additional factor of ten to derive

an acceptable intake. Finally, subchronic exposure data have been

employed to predict chronic effects with an additional ten-fold

factor. Thus, regulatory standards with uncertainty of 10,000, (or

more) have been established.
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d. In performing life-time carcinogenisis bioassays in rodents, logistical

and economic constraints limit the numbers of animals that may be

tesTeia. Relatively high dosages are often employed to increase the

sensitivity of predicting a carcinogenic effect. Using one or more

blostatistical models, the dose-response data are extrapolated to

human populations exposed to low-level lifetime levels of the

contaminant in order to estimate the risk of excess cancer in the

population. The most commonly used-model, the linearized multistage

model, assumes a linear dose-response relationship in the quantita-

tively undefined low dose region and that the cancer is produced

by a multiple step process initiated by a somatic gene mutation.

There is accumulating evidence that while these conservative

models may be acceptable from a regulatory standpoint, the biological

basis for their use may be uncertain in many cases. In particular,

it appears that many contaminants of concern at waste sites, such as

large, lipophilic and relatively inert compounds such as PCBs, are

inactive in producing the kinds of mutagenic events assumed in the

multistage model. It has been hypothesized that the carcinogenic

effects produced by these compounds in animals, especially in the

liver, may occur by promoting preexisting lesions at the high

dosages tested. Thus, it is possible that a threshold exists for

carcinogenicity by these types of compounds and that the linear

model may be inappropriate for estimating risks to potential

receptors.

Other areas of uncertainty exist in determining cancer risks

arising from waste constituents. Assumptions of life-time exposures

must be validated on a case-by-case basis. Also, while increments
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of lifetime cancer risk of 10 to 10 may have significance on a

national basis, the significance of exposure of a limited, site-specific

population should be addressed and justified. The validity of the

data used in the evaluation of risks also introduces additional

uncertainty dependent on the quality of the laboratory analyses.

Finally, while current regulatory approaches to risk assessment of

carcinogens and threshold toxins provide guidelines for exposures to

mixtures of waste components, application of these guidelines require

detailed knowledge on the potential synergistlc and antagonistic

interactions of the components, as well as their basic mode of toxic

action. Such information is frequently lacking.

Summarizing, there is a wide level of uncertainty and variability

in performing site-specific quantitative risk assessment. While often

non-quantifiable in general terms, the key unceYtainty factors should

be understood and addressed when deriving risk estimates on a

site-specific basis and when analyzing regulatory standards.
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SECTION 7 - PRELIMINARY REMEDIAL ALTERNATIVES EVALUATION

7.1 Remedial Response Objectives ,m^

Following the compilation of information regarding site conditions,

identification and quantification of hazards, pathways, and potential receptors

from the Rl, the objectives of the remedial responses can be developed.

Similar to the evaluation of environmental and human effects (Section 6), the

remedial effort addresses four pathways of exposure including surface water,

ground water, air, and direct contact. For the objectives within each pathway,

criteria are identified to determine whether on not the objective is met. in

general, the objectives of the remedial responses are to mitigate, reduce, or

eliminate contaminant transport, and to prevent or minimize exposure or risk to

hurnans, wildlife, and the environment.

A more complete identification of objectives and evaluation of remedial

alternatives will be included as part of the Feasibility Study. The complete

statement of objectives will delineate the general and specific components of

each site to be controlled. Those objectives will also be based on public

health and environmental concerns, the results of the Rl, and applicable or

relevant and appropriate Federal or State requirements (ARARs) as defined in

SARA.

This report presents a preliminary review of the remedial investigation

results to identify the presence of an adverse environmental impact, and the

potential need for remediation. This report also includes a preliminary review

of response actions which may be applicable for each site. (See Sections

9.5-39.5)
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7.2 Preliminary Remedial Technologies

In order to propose preliminary solutions which could be implemented at a

given site, a list of potentially feasible remedial technologies was developed..

Each remedial response alternative includes a response action as well as

associated remediation technologies.

Remedial response actions and technologies that will be considered for

each site include, but are not limited to one or a combination of the following:

1.

Response Action

No Action

2. Containment

3. Pumping

4. Collection

5.. Diversion

6,, Complete Removal

7,, Partial Removal

Potentially Feasible

Remedial Technologies

Monitoring, Fencing, Site Use

Limitations

Dams, Ground Water Barriers,

Bulkheads, Capping, Sealing

Ground or Surface Water Pumping,

Sediment Dredging

Sedimentation Basins, Subsurface

Drains, Gas Vents, Gas Collection

Dikes, Berms, Grading, Stream

Diversion, Ditches, Terraces,

Chutes, Downpipes

Excavation of Wastes, Soil/Sediment;

Tanks, Drums, Liquid Wastes

Selected Excavation of Wastes,

Soil/Sediment, Tanks, Drums,

Liquids
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8. On-Slte Treatment

9. "Off-Site Treatment

10. In-Situ Treatment

11. Storage

12. On-Site Disposal

13. Off-Site Disposal

1A. Alternative Water Supply

15.. Relocation

Biological, Chemical or Physical

Treatment, Incineration, Solidifica-

tion, Land Treatment, Vitrification

Treatment/Storage/Disposal Facility,

Incineration, Solidification,

Vitrification

Permeable Treatment Beds,

Bio-Reclamation, Neutralization,

Landfarming

Temporary Structures

Landfill, Land Application

Landfill, Surface Impoundments,

Land Application

Cisterns, Above Ground Tanks,

Deeper/Upgradient Wells, Municipal

Water, Relocation of Intake, Specific

Treatment Devices

Temporary/Permanent Relocation of

Animal Populations

The technologies identified above will be screened during the FS based on

several criteria outlined in the NCP including: a) applicability to site

conditions; b) effectiveness in reducing toxicity, mobility or volume of the

contaminants in the matrices of contamination; c) feasibility; d) reliability; and

d) proven effectiveness when used under similar circumstances. A preliminary

screening of remedial technologies may eliminate or modify those technologies

that do not apply to site conditions, are ineffective for the required treatment:
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task, are infeaslble to Implement, are far more costly than alternatives that.

provide the same result, require unreasonable time periods for completion, or

rely on Insufficiently developed technology. Applicable innovative alternative

technologies will be identified and evaluated in the PS, and will be carried

through the preliminary screening If there is reasonable belief they offer a
v-

significant advantage in the form of treatment performance, ease of

implementation, fewer or lesser adverse impacts, or lower cost.

Potential remedial response actions and technologies for each Refuge site

studied in this investigation are discussed in Sections 9 through 39,,

Preliminary Remedial Alternatives Subsections of this report.

7.3 Remedial Alternatives

The product of the preliminary screening of technologies will be the

identification of potentially suitable technologies, including innovative treatment

technologies that may offer advantages over conventional remedies. These

technologies will be assembled, during the FS, into a range of distinct

alternative management strategies which address the preliminary objectives at

each site requiring remedial actions.

Remedial alternatives will be developed for three categories of management

strategies. Typically, there will be more than one alternative developed for

the category that employs, as its principle element, treatment that reduces

toxicity, mobility or volume of the constituents of concern. At least one

alternative will be developed for the category in which engineering controls

(e.g., containment) comprise the primary element. In addition, one alternative

wilt be developed for the no action category.

The range of treatment alternatives will be delineated primarily by the

degree to which each alternative relies on long-term management of residuals

7-4



or untreated waste. One end of the range will be defined by an alternative

that utilizes treatment to such a degree that long-term management

requirements (including monitoring) are eliminated or reduced to the maximum

extent feasible. The other end of this range of treatment options will be

defined by an alternative that employs treatment to reduce a principal

threat(s) posed by a site, but does not involve treatment of all waste or the

highest degree of treatment.

The alternative(s) which relies primarily on engineering controls will

typically involve containment of waste, with little or no treatment. A fourth

category of alternatives may be developed in which a combination of treatment

and containment technologies are implemented to address the goals of the

remediation. Purely containment strategies also attempt to meet the remedial

objectives for protection of human health and the environment by preventing

exposure to the waste contaminants. Containment alternatives are developed

and carried through the process to provide a basis for comparison with other

alternatives in the treatment, treatment plus containment, and no action

categories, and to ensure that such an alternative is available if needed as a

remedial component to achieve a protective, practicable, and cost-effective

remedy.

The no action alternative will be used as the baseline exposure scenario

in the site-specific risk assessment and thus serves as another useful point of

comparison with other alternatives.

The preliminary evaluation of remedial actions in this Rl report precedes,,

but will in no way prejudice or limit the more comprehensive review to be

performed in the FS. The most promising subset of alternatives developed in

the FS will be subject to a preliminary screening step. Effectiveness,
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Implementablllty and cost factors will be evaluated for each alternative as part

of this Initial screening.

Effectiveness factors relate to the overall performance of alternatives In

reducing toxlclty, mobility or volume through use of treatment technologies,
f

achieving long-term effectiveness and permanence, and any short-term Impacts
£."

they may pose. Implementablllty factors address the degree of difficulty

associated with the actual construction of any given alternative, including

technical, administrative and logistical problems that primarily affect the time

necessary to complete a prospective remedial action. Cost factors include

construction costs as welt as the cost of operating and maintaining the

remedies over time.

A more detailed analysis of the remedial action alternatives which pass the

initial screening will include the evaluation of nine criteria, in order to arrive

at a recommended remedial action. These nine criteria are:

Overall protection of human health and the environment,

Long-term effectiveness and permanence.

Reduction of toxicity, mobility, or volume.

Short-term effectiveness,

Implementability,

Cost,

State acceptance.

Community acceptance, and.

Compliance with applicable and appropriate or relevant requirements.

The identification of applicable and relevant or approp ite requirements

(ARARs), begun in this report, will be completed in the FS during the

process of developing suitable remedial response alternatives for each

remediated site. The evaluation of potential ARARs will include
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chemical-specific ARARs, dependent on the contaminants identified as a

concern for remediation; location and site-specific ARARs; and action-specific

ARARs pertaining to the response remedy selected at the sites to be

remediated. Selected preliminary contaminant and site specific clean-up

objectives have been identified in this report. These objectives will be

scrutinized further in the FS to assure an outcome which will be protective of

wildlife and human health.
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SECTION 8 - CONTROL SITES;

SITE 30, THE MUNITION CONTROL SITE AND

SITE 31, THE REFUGE CONTROL SITE

8.1 General

The rationale for selection of the two control sites was discussed in

Section 3.5. Site 30, the Munition Control Site, is a control site established

for the munitions manufacturing areas. It is located in the south portion of

the Refuge, in a low lying area around the bunkers used for munitions storage

(See Figure 8-1). According to Refuge personnel, munitions storage is the

only industrial activity to have occurred in the area.

Site 31, the Refuge Control Site, is a control area established on the

north side of the Refuge, behind the new Refuge Headquarters (See Figure

8-!Z). According to the Refuge Manager, this area was not involved in any

past industrial activities. The Refuge Manager also indicated that a test well

was drilled near the headquarters building, tested, md found to be free of

contaminants.

8.2 Site Investigations

8.2.1 Site 30: Munition Control Site

8.2.1.1 Phase I Site Investigations

A monitoring well was installed and one surface soil sample was

collected. The well was set at a depth of twenty feet and utilized a

ten-foot screen section to monitor the uppermost ground water quality.

Subsoils encountered during drilling consisted of predominantly clayey

silts.
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8.2.1.2 Phase II Site Investigations

The monitoring well and one surface soil were sampled and analyzed.

The ground water sample was analyzed for full CLP HSL organics,

nitrosamlnes, PCBs, metals and cyanide. The soil was analyzed for

base/neutral/acid extractable compounds and arsenic.

8.2.2 Site 31: Refuge Control Site

8.2.2.1 Phase I Site Investigations

A monitoring well was installed and one surface soil sample was

collected. The well was installed to a depth of thirty feet with a

ten-foot screened interval. Subsoils encountered during drilling

included predominantly clayey silt.

8.2.2.2 Phase II Site Investigations

The monitoring well water and one additional soil sample were

collected and analyzed. Full CLP HSL analysis was performed on the

ground water sample along with nitrosamines, PCBs, metals, and cyanide

analyses. The soil was analyzed for base/neutral/acid extractables and

arsenic.

8.2.3 Site Hydrogeologic Characterization

8.2.3.1 Site Geology - Site 30: Munitions Control Site

Based on results of the test boring procedure, the subsurface

unconsolidated overburden consists of a mottled grey and brown clayey

silt. This material is present from the ground surface to at least 20 ft.

in depth as found in Boring 30-2. Bedrock was not encountered in the

boring, and therefore it's depth and lithology is unknown. As only one
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monitoring well was installed, the lateral extent and variability of the

clayey silt is also unknown.

8.2.3.2 Site Hydrogeology - Site 30; Munitions Control Site

Based on the well installation during June 1987, shallow ground

water beneath the site was found at a depth of 7 to 12 ft. below the

ground surface within the clayey silt soil unit. The monitoring well

installed screened this upper water table. Ground water elevations

collected during the winter of 1987 and summer of 1987 (wet and dry

seasons, respectively) indicate a water table fluctuation of 5 ft. with

water levels dropping during the summer months (Table 4-3). Figure

8-3 illustrates the monitoring well location and the ground water elevation

as of 18 June, 1987.

8.2.3.3 Site Geology - Site 31: Refuge Control

Based on results of the test boring procedure, the subsurface

unconsolidated overburden consists of a medium to dark brown clayey

silt. This material is present from the ground surface to at least 30 ft.

in depth, as was found in Boring 31-2. Bedrock was not encountered in

the boring, and therefore depth to bedrock and bedrock lithology is

unknown. As only one monitoring well was installed, the lateral extent

and variability of the clayey silt is also unknown.

8.2.3.4 Site Hydrogeology - Site 31: Refuge Control Site

Based on the well installation, shallow ground water occurring

beneath the site was found at a depth of 12 to 14 ft. below the grourd

surface within the clayey silt soil unit. The monitoring well installed
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screened this upper water table. Ground water elevations collected

during the winter and summer of 1987 (wet and dry seasons,
'Mil i'"

respectively) indicate a water table fluctuation of 2 ft. with water levels

dropping during the summer months (Table 4-3). Figure 35-5 illustrates

the monitoring well location and the ground water elevation as of 18

June. 1987.

8.3 Analytical Results (Appendix I, Page 20)

8.3.1 Site 30: Munition Control Site

8.3.1.1 Phase I Analytical Results

The volatile and semi-volatile organics data for Phase i are

questionable due to QA/QC deficiencies or unreliable support data (see

Exhibit B). The positive detections reported are thus estimated values

and some compounds which were not detected may in fact be present.

*"" Di-n-octyl phthalate was reported in the soil at a concentration of

83,900 ug/kg (wet weight); all other organics were below the detection

limits or were also detected in the QA/QC blank samples. Arsenic (20

mg/kg, less than 7 mg/kg duplicate), magnesium (1320 mg/kg and 1380

mg/kg) and zinc (UOO mg/kg and 43 mg/kg) were detected; however,

these values are estimated for screening purposes only. All other

concentrations were within the ranges commonly found in soil matrices

(Lindsay, 1979).

8.3.1.2 Phase II Analytical Results

The groundwater contained detectable levels of arsenic (5 total/less

than 2.7 filtered ug/L}, chromium, (17 total/below 1 filtered ug/L) and
\*

lead (9.3 total/below 1.3 filtered ug/L). None of these concentrations
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exceed Illinois Public Water Supply Standards or drinking water MCLs or

proposed MCLCs. Isophorone and acetone were detected (204 and 12

ug/L) in the groundwater sample, as well as in the QA/QC sample; they

are thus likely a result of laboratory or sampling contamination. The soil

sample contained 12 mg/kg arsenic. Di-n-octyl phthalate was not detected

in the Phase II soil analysis, but di-n-butyl phthalate was detected at

400 ug/kg. All other concentrations were within the ranges commonly

found in soil matrices (Lindsay, 1979).

8.3.2 Site 31: Refuge Control Site (Appendix I, page 33)

8.3.2.1 Phase I Analytical Results

Traces of acetone (216 ug/kg) and methylene chloride (546 ug/kg)

were detected in the surface soils. These organics were also detected in

the QA/QC samples and therefore may be present as a result of

laboratory or sample handling. All other concentrations were within the

ranges commonly found in soil matrices (Lindsay, 1979).

8 .3 .2 .2 Phase II Analytical Results

Trace levels of organics detected in the groundwater included

methylene chloride (6 ug/L), 1,1,1-trichloroethane (18 ug/L), and

acetone (14 ug/L). Acetone and methylene chloride were also detected

in blank samples, possibly as a result of laboratory or sample handling.

Chromium and arsenic were detected at 2.1-24 ug/L and 3.6-16 ug/L

respectively. None of these concentrations exceed Illinois Public Water

Supply Standards or drinking water MCLs or proposed MCLCs. The soil

sample contained traces of arsenic (13 mg/kg) in addition to 200 ug/kg

bis (2-ethyhexyl) phthalate and 340 ug/kg di-n-butylphthalate. All
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other concentrations were within the ranges commonly found In soil

matrices (Lindsay, 1979).
IMt "''

fl.fr Refuge Background Levels

Table 8-1 summarizes the concentrations in soils for all compounds

analyzed at the control sites. The concentrations in soils at other study sites

have been discussed in reference to the levels detected at the control sites.

In general, non-carcinogenic inorganic parameters were eliminated from concern

if they were detected at concentrations within an order of magnitude of

background levels detected at the control sites.

Background levels for arsenic and magnesium in Refuge soils are slightly

higher than is typical for soils in this part of the country. Ranges of 10-80

mg/Kg arsenic and 1000 - 10,000 mg/Kg magnesium in soil matrices from the

Refuge can partly be attributed to previous land use activities including

„,.„!' explosives manufacturing, coal mining, and widespread spraying with lead

arsenate for pesticide control.

Background levels for organic parameters range from low parts per billion

levels to undetectable. Organic parameters, when detected above the levels

detected for the control sites, are discussed in the subsection titled

"Environmental Effects" for each site.

All concentrations in ground water and lake samples were compared to

applicable Federal and State regulatory standards, including the National

Interim Primary and Secondary Drinking Water Standards, Illinois Public Water

Supply Standards, and Illinois General Use Water Quality Standards. Lake

samples and those detected parameters for which no standards exist were also

compared to the Ambient Water Quality Criteria (AWQC) for protection of

human health (10 risk level) and freshwater aquatic life.
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SECTION 9 - SITE 3, AREA 11 SOUTH FIELD

9.1 Site Description

-Area 11 is an abandoned site which was at one time used for explosives

and nitrogen fertilizer manufacturing as well as munitions loading. The Olin

Corporation is reported to have operated a dynamite line there which was later

sold to U.S. Powder. A number of fires and explosions are known to have

occurred in these areas. The Refuge Manager has indicated that lead azide

(an explosive component) and RDX may have been used in this area. Many of

th« buildings and grounds were "torched" to remove residuals of flammable

material. Most of the buildings are covered with a spark-retarding asbestos

siding material.

Explosive powders were stored in rubber-lined underground trenches in

several storage areas within Area 11. A burning pad is located south of Area

11 where oil residues. 53-calibre powder magazines and small powder cylinders

are noticeable on the surface. The trenches and the burning pad were not

included in this scope of work, since they were to be evaluated by the DOD.

Site 3 is an area located adjacent to an old railroad spur that served

abandoned explosive manufacturing areas (See Figure 9-1). Surface litter is

evident over an area of approximately ten acres. The observable debris

consists of railroad tracks, ties and ballast, cinders, charred wood, powder

canisters, piping, metal, mesh, bricks, pumice blocks, 30- and 55-gallon steel

drums, reinforcing bars, a laboratory flask and miscellaneous wire and plastic

articles. One mound on the bank just above the stream bed has several of

what appeared to be metal vents on the top and a U-inch stainless steel pipe

drain extending from the bottom. The stream bed west of the road appeared to
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contain especially heavy concentrations of debris. Black tars and ash were

evident in the stream bed.

9.2 Site Investigations

9.2.1 Phase I Site Investigations

Three composite soil samples (0-1 ft depth) were prepared from

grab surface soils collected along the north, south and east banks. Two

sediment composites (0-1 ft depth) were collected, one from the marsh

and one from the lower stream.

9.2.2 Phase II Site Investigations

No Phase II activities were per'^r.7,ed, s-. me Refuge Manager

indicated that the DOD will be responsible for further action.

9.3 Analytical Results (see Appendix I, page 1)

Trace amounts of explosive residues HMX (up to 2.6 mg/kg) and RDX (up

to 6. A mg/kg) were detected in the soil and sediment. Lead concentrations of

415 and 510 mg/kg were detected in the soils and sediments, and zinc

concentrations up to 1380 mg/kg were detected in the sediment. Metals

concentrations are reported as estimated values for screening purposes (see

Exhibit B). Soli Sample 3-2 contained 16,885 ug/kg organics by FID screening

and was therefore selected for full CLP organics testing. The volatile and

semi-volatile organics data for Phase I are questionable due to QA/QC

deficiencies or unreliable support data (see Exhibit B).

The positive detections reported are thus estimated values and some

compounos which were not detected may in fact be present. The soil possibly

contained 3580 ug/kg wet weight n-nitrosodiphenylamine, and 389 ug/kg wet
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weight of 2,6-dlnttrotoluene. Small quantities (24 to 184 ug/kg wet weight) of

itetrachloroethene were found In one soil and two sediment samples. Four of

the five samples contained traces of PCBs (less than 1 mg/kg wet weight).

«>.» Environmental Effects

The Refuge Manager has indicated that the OOD will be responsible for

further action at this site.

The analytical survey of Site 3 detected several organic and inorganic

contaminants in soil and sediment, including nitroso diphenyl and dimethyl

amines. The areas sampled were collected mostly from drainage areas to

conduct a general survey of the site for screening purposes, usable for

qualitative characterization but not to support a quantitative risk assessment.

In addition, various deficiencies in the Phase I data analyses were noted. For

this reason, additional site investigations will be required prior to assessing

the risks associated with this site.

9.5 Preliminary Remedial Alternatives

The DOD will be responsible for further action at this site.

9.6 Conclusions and Recommendations

The Refuge Manager has indicated that the DOD will be responsible ror

further action at this site.
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SECTION 10 - SITE H. AREA 11 NORTH FIELD

10.1 Site Description

Information on Area 11 can be found in Section 9.1. The Area 11 North

Field appears to have been the site of a two to three acre impoundment (See

Figure 10-1). The impoundment is flat and dry in the middle and has small

intermittent streams or marsh areas bordering the east and west boundaries.

Water appears to flow from south to north following periods of precipitation.

The remains of a reinforced concrete dam can be seen at the northwest end of

the site. An earthen bunker is located immediately to the west, it may have

been built with earth excavated from the semi-marshy lagoon area and may

have been constructed to protect the explosives processing areas located

further to the west.

The Refuge Manager has speculated that RDX or magnesium may have

been stored underwater, or the site may have been used to detonate explosives

or for experimental detonations. The level bottom of the impoundment contains

areas of grassy vegetation but shows a number of bare patches of fine white

silt or clay. Other weathered areas show horizontal layering of white and

gray sediments. A number of dynamite-type fuses were noticed here as well

as a small powder carrier, 1.5-inch diameter by 3-inch length, with the fuse

intact. Small chunks of lead metal were also observed.

10.2 Site Investigations

10.2.1 Phase I Site Investigations

One surface soil composite (0-1 ft depth) and one surface sediment

composite (0-1 ft depth) were collected. (See Figure 10-1). The sediment

composite was resampled for full organics screening.

10-1



FIGURE K3-I

SITE NO. 4
AREA 11 NORTH FIELD

PHASE 1

WOODED AREA

I
IMPOUNDMENT

AREA

SWAMPY
AREA

WOODED AREA

DAM

R.R. BED

APPROXIMATE SCALE

200
(D) - DECONTAMINATION AREA

S O'BRIEN S GERE
ENGINEERS INC



TO.2 .2 Phase II Site Investigations

No Phase II activities were performed, as the Refuge Manager

indicated that the DOD will be responsible for further work at this site.

10.31 Analytical Results (See Appendix I, page 2)

A trace (1.5 mg/kg) of the explosive 2,4-dinitrotoluene was found in the

soil. The sediment sample had an FID screen of 1341 ug/kg and was then

resampled for full CLP organics analysis. Among the organics, only

n-nitrosodimethylamine (1055 ug/kg wet weight) was above 1 rrg/kg. However,

the volatile and semi-volatile organics data for Phase I are questionable due to

CA/QC deficiencies or unreliable support data (see Exhibit B). The positive

detections reported are thus estimated values and some compounds which were

not detected may in fact be present. With the exception of sodium (780-5910

rng/kg), all heavy metal concentrations were similar to those in soils at the

control sites. The soil contained among the highest specific conductance

(22,800 umhos/cm) and nitrate (2286 mg/kg] of the 328 Phase I soil samples

collected at the Refuge. This may indicate the presence of degradation

products from explosives components.

10.4 Environmental Effects

The Refuge Manager has indicated that the DOD will be responsible for

further action at this site.

The samples at Site 4 were collected mainly from drainage areas to

conduct a general survey of the area for screening purposes, usable for

qualitative characterization but not to support a quantitative risk assessment.

Various deficiencies were reported in the Phase I analytical data. Therefore,

the detection of inorganic and organic species, including
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N-nltrosodlmethylamlne, are qualitatively estimated. The significance of

nitrosodimethylamine residues Is discussed In detail in Section 23.4 (Site 19);

based on the evaluation of simitar contaminant levels at that' site, it was
?•

determined that nitrosoamines do not present any significant risks to humans.
•"*•'•* ^

Exposure to nitrosoamines residues In sediment by wildlife Is limited due to the
--

swampy nature of this area, and the absence of fish or other potential aquatic

receptors, such that the exposure pathway is incomplete for wildlife.

Due to the limited database, the screening nature of the sampling survey

for this site, and the results of the evaluations for similar levels of

contaminants at other sites, a quantitative risk assessment was not be

developed for this site. Additional site investigations are required in order to

determine the extent of contamination at this site.

10.5 Remedial Alternatives Evaluation

The DOD will be responsible for further action at this site.

10.6 Conclusions and Recommendations

The Refuge Manager has indicated that the DOD will be responsible for

further action at this site.
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SECTION 11 - SITE 5. AREA 11 ACID POND

11.1 Site Description

further Information on Area 11 can be found In Section 9.1. The Area 11

Acid Pond is a diked impoundment approximately 300 ft x 150 ft which received

drainage flowing north from the Area 11 process buildings {See Figure 11-1).

The dike extends five to six feet above the current water level. A 12-inch

diameter pipe exits to the west through the levee to a valve box which

controls the discharge from the pond to a small stream. The drainage then

exits through the woods and swampy areas to the north. The Refuge Manager

indicated that years ago an accidental discharge of acidic water, possibly

containing nitric acid, from the pond killed all of the downstream vegetation

for 1/4 mile. A large stand of dead trees is visible along the creek northwest

of the pond. Frogs and fish were observed in the pond.

11.2 Site Investigations

11.2.1 Phase I Site Investigations

One composite sample each of surface water, and sediment (0-1 ft

depth) were collected from the pond. The sediment was sampled for full

organics analysis. In addition, one composite soil sample (0-1 ft depth)

was collected downstream from the pond adjacent to the dead trees (See

Figure 11-1).

11.2.2 Phase II Site Investigations

No Phase II sampling was conducted since the analytical results from

the Phase I screening did not indicate that any parameters were present

at levels of concern.
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11.3 Analytical Results (Appendix I, page 3)

Values for pH were 7.3 for water, 5.7 for sediment, and 7.1 for soil.

Thes« values indicate that acid residuals have been neutralized or dissipated.

Chromium residuals (140 and 110 mg/kg) were detected in the soil and

sediment, but not in the water. The chromium values are estimated and are

reported for screening purposes only. The sediment sample contained 1035

ug/kg wet weight N-nitrosodimethylamine, and 10,300 ug/kg wet weight

dl-n-octyl phthalate. All other organics were below the detection limits. The

volatile and semi-volatile organics data for Phase I are questionable due to

QA/QC deficiencies or unreliable support data (see Exhibit B). The positive

detections reported are thus estimated values and some compounds which were

no't detected may in fact be present.

Specific conductance of the pond water was fairly high (37,600

micromhos/cm) , and iron (500 ug/L) and manganese (100 ug/L) were above

their respective MCL standards. These excursions do not represent a threat

to public health or the environment since the standards for manganese and

iron are based on aesthetic concerns of taste and color. No other components

were detected at levels above Illinois Public Water Supply standards or Federal

Drinking Water ViCLs.

11.3 Environmental Effects

11.4.1 Qualitative Assessment

This site was chosen for investigation based on verbal accounts that

an acidic chemical spill had occurred many years ago, possibly

contaminating the pond, the exit stream of the pond and the immediate

surrounding areas. However, based on the Phase I sampling data results
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for water, sediment and soil, the site did not indicate an impact from an

acidic release.

Traces of chromium and N-nitrosodlmethylamine were detected in

sediments at levels approximately one order of magnitude higher than the

concentrations found at the Refuge control sites. Analyses of the pond

water did not show detectable levels of chromium and the screenings for

base/neutral and acid extractable compounds were below the detection

limit of 100 ug/L. Chromium levels in soil and sediments are well within

the ranges typical for soil matrices (Lindsay, 1979)..

N-nitrosodimethylamine was detected at higher levels at Site 19 (Section

26.4) where it was not considered to pose unacceptable risk levels to

humans based on the quantitative assessment prepared for that site.

N-nitrosodimethyl- amine could potentially pose a risk to bottom-dwelling

aquatic species Via exposure to pond bottom sediments; however, there is

insufficient information on the distribution of contaminants in pond

sediments, or on the effects from low sediment-bound residues to

potentially exposed aquatic biota such as amphibian and benthic organisms

existing in this pond.

Di-n-octylphthalate was also detected but at comparable

concentrations to the levels found at the control sites. The detection of

phthalate esters may be related to their presence as a common laboratory

contaminant.

11.4.2 Quantitative Assessment

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is no basis for preparing a quantitative risk

evaluation.
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11.4.3 Analysis of Uncertainties

The major pieces of Information relied upon for evaluating this

location were the verbal accounts of activities on the site, site inspection

-and sample analyses, all of which suggested the area could have had

wastes on it at one time. An inspection of the site revealed that a large

number of trees lining the discharge creek were dry.

Chemical residue information was obtained only for the tcp one foot

of soil; deeper soil borings and ground water monitoring were not

conducted. Since contamination of the site occurred through accidental

discharge of an acidic solution into the pond, the area of soil

contamination is likely to be limited to the surface.

Since there is no evidence to suggest that the surrounding soil has

been disturbed, these samples should adequately represent the conditions

of the site.

Traces of N-nitrosodimethylamine, chromium and di-n-octyl phthalate

were found in sediments near the pond, but were not detected in the

water. The levels detected were not considered to represent a concern

based on the concentrations of similar contaminant levels evaluated for

other sites, and the values which are typical for soil matrices. Based on

the data, it appears that any acidity, if previously present, has been

naturally mitigated. The only parameter found in the soil sample

downstream was chromium.

It can be concluded that the data generated are adequate for the

evaluation of this site. The pH values verify that the acid from the spill

has been neutralized. Contaminants in the surrounding soil are not

present at levels that would present a threat to human health or the

environment.
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"11.5 Remedial Alternatives Evaluation

Preliminary Phase I screening results discussed in the previous section

Indicated that this site does not contain contaminant levels that would result inf^
a negative environmental impact. Therefore, this site was not included in the

Phuse II investigations. There will be no further evaluation of remedial

alternatives, and this site will not be included in the FS.

111.6 Conclusions and Recommendations

It can be concluded that the Acid Pond site does not represent a chemical

exposure risk to human or wildlife receptors at the Refuge or at other

locations. No further evaluation is recommended for this site.

11-5



SECTION 12 - SITE 7. D AREA SOUTHEAST DRAINAGE CHANNEL

12..1 Site Description

Area D is an active Olin operation located north of Crab Orchard Lake.

This area is currently used for the manufacture of explosives. The site was

previously used by Universal Match under contract to the DOD. Their

operations ceased after a large fire, according to the Refuge Manager.

Site 7 is a location within one of the drainage channels leading from the

Olin D Area (See Figure 12-1). These channels discharge to Crab Orchard

Lake near the Refuge Waterworks.

12.2 Site Investigations

12.2.1 Phase I Site Investigations

One composite surface water sample and one composite sediment

sample (0-1 ft depth) were collected.

12.2.2 Phase II Site Investigations

One .Phase I sediment sample was reanalyzed for mercury during

Phase II.

12.3 Analytical Results (see Appendix I. page 6)

12.3.1 Phase I Analytical Results

The surface water sample contained TOX levels on the order of U3

ug/L, but volatile organics were not detected. Manganese and iron in the

water sample (1.5 and 3.2 mg/L respectively) exceeded the Federal MCLs

and the Illinois water standards. However, levels of iron and manganese

above these aesthetic-based standards do not represent a cause for
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concern nor pose any risk to human health or wildlife. With the

exception of magnesium (1480 - 16700 mg/kg), all concentrations In
i.

sediments were similar to soil concentrations at the control sites.

-However, these concentrations are estimated and are included for

screening purposes (see Exhibit B); some compounds which were not

detected may in fact be present. The sediment contained 6 ug/kg of

mercury. 10 ug/kg in the duplicate, but mercury analyses were repeated

in Phase II due to questionable calibration data.

12.3.2 Phase II Analytical Results

The mercury concentration in the sediment sample was 40 ug/kg (300

ug/kg duplicate).

12.4 Environmental Effects

Environmental effects of drainage within the D and P areas are discussed

in Section 16.4.

\
12.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for the D and P areas are discussed in

Section 16.5.

12.6 Conclusions and Recommendations

Conclusions and Recommendations for the D and P areas are discussed in

Section 16.6.
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SECTION 13 - SITE 7A, D AREA NORTH LAWN

13.1 Site Description

Area D is an active Olin operation located north of Crab Orchard Lake.

Section 12.1 contains a description of previous activities at Area D.

Site 7A is a 3-acre lawn located northwest of the Olin D Area Complex

(see Figure 13-1). It was reported that barrels of chemicals were dumped on

a knoll within the lawn. No evidence of a knoll remains, but there are a

number of depressions with brown patches. A visually clean drainage channel

is located south of the lawn and exits under a fence to the west. Other moist

drainage areas extend to the wooded area to the west of the site.

1-1.2 Site Investigations

13.2.1 Phase I Site Investigations:
(i

A magnetometer and electromagnetic terrain conductivity survey was

performed over the 300 ft x 200 ft lawn on 20 ft x 20 ft grid spacings.

The results of these surveys are shown on Figures 13-2 and 13-3. The

magnetic anomalies to the north of the sampling area are attributed to

power lines. No other anomalies suggestive of buried metallic objects

were observed.

Three transects were established and composite soil samples were

collected along these transects at the surface as well at depth intervals of

6-12 in., 1-2 ft. and 2-3 ft. Composite soil samples were also collected

at the same depths of a low spot in the lawn. One surface soil from

Transect B was resampled for full priority pollutant analysis. These

locations are shown on Figure 13-4.
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13.2.2 Phase II Site Investigations:

Six Phase I soils were resampled for mercury analyses. Sampling

locations are shown on Figure 13-4.

i

13,.3 Analytical Results (See Appendix I, Page 4)

13.3.1 Phase I Analytical Results:

No heavy metals or other contaminants were found at levels

significantly different from those detected at the control sites. Traces of

mercury (1 to 14 ug/kg) were detected in eleven out of seventeen soil

samples (surface and depth samples), but mercury analyses were repeated

in Phase II due to questionable calibration data (see Exhibit B). Surface

soil collected along transect B for priority pollutant analysis contained

8,292 ug/kg di-n-octyl phthalate and 156 ug/kg N-nitrosodimethylamine

(below detection limit). However, the volatile and semi-volatile organics

data for Phase I are questionable due to QA/QC deficiencies or unreliable

support data (see Exhibit B). The positive detections reported are thus

estimated values and some compounds which were not detected may in fact

be present. Sample 7A-1 contained manganese at 3,330 mg/kg. Magnesium

concentrations ranged from 1,110 mg/kg to 6,540 mg/kg, slightly higher

than the concentrations detected at the control sites.

13.3.2 Phase II Analytical Results:

The six samples analyzed for mercury showed concentrations below

or near the detection limit (less than 22 to 29 ug/kg).
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Environmental Effects

13.4.1 Qualitative Assessment

This site was chosen for investigation based on its proximity to an

explosives manufacturer and reports that barrels of chemicals had been

dumped at that location.

However, there was no history of the disposal of wastes other than

the accidental chemical spill. Phase I sampling data suggest that

phthalates and N-nitrosodimethylamine residues are present. Nitrosoamines

levels are approximately one half the levels detected elsewhere at the

Refuge where they were evaluated and not considered to represent a

concern (see Site 17, Section 24.4), and are similar to the levels detected

at the Munitions Control Site. Phthalates are commonly present due to

contamination of the QA/QC blanks, and were also detected at the control

sites. On this basis, it can be concluded that there is no "source" of

waste materials for on-site exposures or for migration to off-site lo-

cations.

Because there is no established waste source at this location, it is

not possible to have a "complete" exposure scenario. Therefore, on the

basis of the information generated, it can be concluded that the site does

not represent a risk of chemical exposure to potential human or wildlife

receptors.

13.4.2 Quantitative Assessment

Because a complete exposure scenario could not be identified in the

qualitative assessment, there 5 no basis for preparing a quantitative risk

evaluation.
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73.4.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was the

report that barrels of chemicals had been dumped on the site, previous

and current manufacture of explosives on and near the site, and site

inspection. This suggested that the area could have wastes on it,

although the use of the area for waste disposal is not indicated.

Chemical residue information consisted of analytical results for surface

and depth soil samples. The soils sampled represented the top three feet

of surface. Geophysical surveys did not indicate the presence of any

buried metallic objects, supporting the analytical results of both Phase I

and Phase II. Furthermore, no evidence of explosives residues were

detected in soil samples from this site. It can be concluded that the data

generated are adequate to support the absence of a waste source when

considered in light of the fact that there was no known history of waste

disposal at this location. The lack of contaminants detected in the surface

or deeper soils suggests that the area does not pose a threat to human

health or to the wildlife.

13.5 Preliminary Remedial Alternatives

The analytical results discussed in the previous section indicate that this

site does not contain contaminant levels that would result in a negative

environmental impact. Therefore there will be no further evaluation of

remedial alternatives, and this site will not be included in the FS.

13.6 Conclusions and Recommendations

It can be concluded that the D Area North Lawn site does not represent a

chemical exposure risk to human or wildlife receptors at the Refuge or at other

locations. No further evaluation is recommended for this site.
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13.4.3 Analysts of Uncertainties

The major Information relied upon for evaluating this location was the

report that barrels of chemicals had been dumped on the site, previous

and current manufacture of explosives on and near the site, and site

inspection. This suggested that the area could have wastes on it,

although the use of the area for waste disposal is not indicated.

Chemical residue information consisted of analytical results for surface

and depth soil samples. The soils sampled represented the top three feet

of surface. Geophysical surveys did not indicate the presence of any

buried metallic objects, supporting the analytical results of both Phase I

and Phase II. Furthermore, no evidence of explosives residues were

detected in soil samples from this site. It can be concluded that the data

generated are adequate to support the absence of a waste source when

considered in light of the fact that there was no known history of waste

disposal at this location. The lack of contaminants detected in the surface

or deeper soils suggests that the area does not pose a threat to human

health or to the wildlife.

13.5 Preliminary Remedial Alternatives

The analytical results discussed in the previous section indicate that this

site does not contain contaminant levels that would result in a negative

environmental impact. Therefore there will be no further evaluation of

remedial alternatives, and this site will not be included in the FS.

13.6 Conclusions and Recommendations

It can be concluded that the D Area North Lawn site does not represent a

chemical exposure risk to human or wildlife receptors at the Refuge or at other

locations. No further evaluat ion is recommended for this site.



SECTION 14 - SITE 8. D AREA SOUTHWEST DRAINAGE CHANNEL

"••..„,''

U.1 Site Description

Area D Is an active Olln operation located north of Crab Orchard Lake.

Section 12.1 contains a description of previous activities at Area D.

Site 8 is located within one of the various drainage channels leading from

the Olin D Area (See Figure 12-1). These channels discharge to Crab

Orchard Lake near the Refuge Waterworks.

14.2 Site Investigations

14.2.1 Phase I Site Investigations:

One composite surface water sample was collected, as well as one

composite sediment sample (0-1 ft depth).

'* »•'

U.2.2 Phase II Site Investigations:

No samples were collected in the Phase II study.

1_q_.3 Analytical Results (Appendix !, Page 7)

The water contained TOX concentrations of 28 and 42 (duplicate) ug/L.

All other concentrations were below Illinois Public Water Supply Standards

except manganese which was 0.16 mg/L versus the standard of 0.15 mg/L. but

metals concentrations are only estimated for screening purposes (see Exhibit:

B). It Is noted that the standard for manganese is based on concerns for taste

and color in water, and does not represent a threshold for risk to public

health or the environment.



No volatile organics were detected. The sediment concentrations were

consistent with those detected at the control sites with the exception of

magnesium (16,700 mg/kg).

•"*.-•
1*..< Environmental Effects

f»
Environmental effects of drainage within the D and P areas are discussed

in Section 16.4.

14.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for the D and P areas are discussed in

Section 16.5.

14.6 Conclusions and Recommendations

Conclusions and recommendations for the D and P areas are discussed in

Section 16.6.
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SECTION 15 - SITE 9, P AREA NORTHWEST DRAINAGE CHANNEL

15.1 Site Description

Area P is an active Olin operation located north of Crab Orchard Lake

which is used for research and development. The Refuge Manager has

indicated that chemicals handled in this area may be non-conventional or

"exotic." The site was previously used by Universal Match under contract to

the DOD. The Refuge Manager indicated that their operations ceased after a

large explosion.

Site 9 Is located within one of the various drainage channels leading from

the Olin P Area (See Figure 12-1). These channels discharge to Crab Orchard

Lake near the Refuge Waterworks.

15.2 Site Investigations *

15.2.1 Phase I Site Investigations:

One composite surface water sample and one composite sediment

sample (0-1 ft depth) were collected. The sediment was resampled for

CLP organics analyses.

15.2.2 Phase II Site Investigations:

Mercury and cyanide analyses were scheduled on sediment resampled

from the same location and depth sampled in Phase I.

15.3 Analytical Results (See Appendix I, Page 8)

15.3.1 Phase I Analytical Results:

TOX levels in the water sample were 120 ug/L (180 ug/L duplicate)

but no volatile organics were detected. The sediment contained 26 mg/kg
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of cyanide and 9 ug/kg mercury, but neither parameter was detected in

the water sample. Both cyanide and mercury were scheduled for

reanalysls in Phase II.

15.3.2 Phase II Analytical Results;

The sediment resampled in Phase II contained less than 5 mg/kg (wet

weight) cyanide. Mercury analyses were not completed due to an

oversight in laboratory scheduling.

15.4 Environmental Effects

Environmental effects of drainage within the D and P areas are discussed

in Section 16.4.

15.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for the D and P areas are discussed in

Section 16.5.

1!>.6 Conclusions and Recommendations

Conclusions and Recommendations for the D and P areas are discussed in

Section 16.6.
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SECTION 16 - SITE 10, WATERWORKS NORTH DRAINAGE

16.. I Site Description

Area P is an active Olin operation located north of Crab Orchard Lake.

Section 15.1 contains a description of previous activities at Area P.

Site 10 is located within one of the various drainage channels leading from

the Olin D and P Areas (See Figure 6-1). These channels discharge to Crab

Orchard Lake near the Refuge Waterworks.

16.2 Site Investigations

16.2.1 Phase I Site Investigations:

One composite surface water sample and two composite sediment

samples (0-1 ft depth) were collected. The second sediment was a

resampling at the same depth and location as the first and was collected

for full priority pollutant analysis.

16.2.2 Phase II Site Investigations:

Five grab sediment samples (0-1 ft depth) and one surface water

composite were collected from the embayment area and upstream of the

bay. The sediments were analyzed for cyanide and base/neutral/acid

extractables. Mercury analysis was repeated on one sediment sample from

Phase 1. The sampling locations are shown on Figure 16-1.

16.3 Analytical Results (See Appendix I, Page 9)

16.3.1 Phase I Analytical Results:

TOX levels in the water sample were 20 ug/L (26 ug/l duplicate) but

no volatile organics were detected. Iron (600 ug/L) and manganese (270
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ug/L) were above the Drinking Water Standards of 300 and 50 ug/L

respectively. Manganese was the only parameter exceeding the Illinois
HI "'

Public Water Standards. Iron and manganese standards are promulgated

due to aesthetic concerns of taste and color, thus, the levels present at

this site do not constitute a risk to human health. The sediment

contained 61 mg/kg of cyanide, 236,000 ug/kg wet weight of di-n-octy!

phthalate, and 540 ug/kg wet weight of bis (2-ethylhexyl) phthalate, and

270 ug/kg wet weight N-nitrosodimethylamine. These parameters were not

detected in the water sample. Cyanide analyses were repeated in Phase

II due to questionable QA/QC data accompanying the Phase I analyses.

The reported values for semi-volatiles are estimated only due to

deficiencies in the calibration data (see Exhibit B).

16.3.2 Phase II Analytical Results:

None of the five sediments contained detectable cyanide. The

sediment reanalyzed for mercury contained less than 30 ug/kg. All

sediments, however, contained phthalates in the range of 2250-4800 ug/kg

for di-n-butyl phthalate, and from 318-1530 ug/kg bis (2-ethylhexyl)

phthalate. Di-n-octyl phthalate was not detected. The water did not

contain either cyanide or phthalates.

16.4 Environmental Effects

The Waterworks North Drainage, Site 10, is but one of several portions of

a drainage complex emanating from the active Olin Corporation's D and P

Areas. These areas are of interest due to their proximity and drainage into

Crab Orchard Lake. Other sites, including Sites 7, 8, 9. 10, 11, and 20 as

described elsewhere in this report, are very similar to Site 10, but generally
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have fewer site contaminants at considerably lower levels. Site 10 is located

where these drainage routes coverage prior to entering Crab Orchard Lake; it

is also given special emphasis in this analysis because of Its closeness to the

Refuge Waterworks. For these reasons, the risk assessment for the sites along

the waterworks drainage will focus on the exposure potential from Site 10, with

abbreviated assessments performed for the other sites, using the same

exposure assumptions and scenarios.

16.A.I Qualitative Assessment

As described above, residues of several site contaminants were

detected in the sediments, but not in the water, along some drainage

channels associated with the Area P industrial facilities. These included

N-nitrosodimethylamine, mercury, di-n-octyl phthalate, di-n-butyl

phthalate, and bis-(2-ethylhexyl) phthalate.

Cyanide residues were detected in one sediment sample collected for

the Phase I screening analysis but were not validated by the Phase II

analyses of cyanide in five sediments. Detected phthalate levels might be

attributed in part to contamination of the laboratory QA/QC blanks.

Mercury concentrations were similar to those typical for soil matrices

(Lindsay, 1979). The detection of N-nitrosodimethylamine in sediment is

not considered to pose a risk based on the evaluation of similar

concentration levels at Site 17, as well as the limited exposure of

sensitive species (e.g.) small wildlife to channel sediments.

Given the nature of the site, the pattern and the magnitude of

residues detected, the only potential human receptors identified are

facility employees, site intruders, and potentially, consumers of drinking

water drawn from Crab Orchard Lake. However, since treatment of the
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Refuge water supply includes filtration, any sediment-bound residues

should be adequately controlled. No contaminants were detected in the

water samples, rendering this transport route non-functional. Since the

drainage channels receive intermittent flow and are subject to periodic

dry periods, potential wildlife exposures will be limited to acute

exposures. However, the levels of residues detected in site sediments

are not considered acute toxins and do not present a concern for toxicity

via acute exposure to humans or terrestrial animals. In view of the lack

of detectable residues in water, and the low levels in sediment, exposures

to aquatic benthic and non-benthic organisms will not be significant.

Because there is no waste 'source1 at this site, and the potential for

exposure is unlikely or, at worst, of short duration so that the levels

detected would not represent a risk, a complete exposure pathway is not

possible.

16.4.2 Quantitative Risk Assessment

Due to the lack of a complete exposure scenario for this site, there

is no basis for preparing a quantitative assessment.

16.1.3 Analysis of Uncertainties

The major areas of uncertainty in this analysis include:

1. The possibility exists that low level residues in sediments may reach

Crab Orchard Lake, expanding the exposed populations. Potential

exposure routes include particulates transported by surface water

runoff, and solubilization of contaminants and transport by surface

water.
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2. The detection of cyanide in one sediment in Phase I was invalidated

by the absence of cyanide In five Phase II sediment samples, thus

introducing uncertainty due to the quality of the laboratory data.

3. The ability of soil-bound phthalates to produce toxlclty in

benthic organisms in the drainage channels is unknown. The actual

levels of phthalates present is uncertain because of the interference

of lab contaminants in the QA/QC blank.

16.4.4 Risk Assessments for Other Drainage Sites

a) Site 7-D Area Southeast Drainage Channel

Contaminant: 300 ug/kg mercury in sediment (Phase II reanalysis)

Exposure Rate-Human: 0.0002 ug/kg

Mouse: 0.02 mg/kg

Benthic Invertebrate: Indeterminant

Risk Assessment-Human: Exposure estimate for acute exposure is

1000-fold lower than chronic acceptable daily intake of 0.2 ug/L.

Mouse: Exposure estimate is 100-fold lower than a lowest observed

effect level in a chronic rat bioassay. Benthic Invertebrate: Chronic

exposure to mercury may have adverse effects on benthic

communities.

b) Site 8-D Area Southwest Drainage Channel

Contaminant: 16700 mg/kg magnesium in sediment (Phase I

screening result).

Risk Assessment: Magnesium is not regarded as a toxicant in either

humans or wildlife. Since a source of toxicant is not established at

this site, risk cannot be assessed.
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c) Site 9-P Area Northwest Drainage Channel

Contaminant: 26 mg/kg cyanide in sediment.
mi"1"1'

Risk Assessment: Referring to the rationale developed in the

qualitative assessment for Site 10, the frequency of exposure,

applicable transport routes, and potential receptor populations are

not at risk via acute exposure at the levels of cyanide detected at

this site. Based on the available data, the cyanide residues in

sediments appear to be in the form of the less toxic salts, since

most of the highly toxic cyanide forms are also highly soluble and

would be expected to be detected in the water column samples.

d) Site 11-P Area Southeast Drainage Channel

Contaminants: 51 ug/kg mercury in sediment (Phase II reanalysis),

31 ug/kg chloroform in water.

Risk Assessment: Using a similar assessment as for the mercury

' residues at Site 7, humans would not be at risk from exposures at

this site. Residues of mercury at this site may be sufficiently low

to constitute a minimal risk to small vertebrates.

The concentrations of chloroform (31 ug/L) and

bromodichloromethane (3 ug/L) in water at Site 11 are well below the

Drinking Water Standard of 100 ug/L for total trihalomethane

compounds as well as below the AWQC for chloroform for protection

of aquatic life. Site concentrations of chloroform were above the

AWQC criteria for protection of human health (0.19 ug/L), however.

These constituents were either undetected (bromodichloromethane) or

found at very low concentrations in sediments (6 ug/kg chloroform)

from the same site, and were undetected at other sites along the

Waterworks drainage route. The levels detected in water samples

are thus not felt to represent a concern to the environment or to
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human or animal species. On this basis, these compounds are not

considered to be site indicator contaminants, and a quantitative risk

assessment Is not justified.
; ,•£ '.

e) Site 20-D Area South Drainage Channel

Contaminants: 30500 ug/kg di-n-octyl phthalate

2320 ug/kg di-2-ethylhexyl phthalate

336 ug/kg N-nitrosodimethylamine in sediment

(Phase I screening analyses).

Risk Assessment: The toxicity of N-nitrosodimethylamine levels in

soil at roughly four times the concentration detected at this site are

evaluated in Section 26.4 (Site 19). The exposure level associated

with the detected N-nitro- sodimethylamine concentration in sediment

(336 ug/kg), considered as twice this concentration due to

deficiencies noted in the Phase I data analyses, is estimated at

O.OOU5 mg/kg/day, a level four-fold lower than the lowest observed

effect level for the most sensitive species. Based on the limited

exposure of sensitive receptors to channel sediments, the lower level

of acute toxicity associated with lower levels of residues, and the

remote potential for chronic exposures at this site, nitrosoamines will

not be considered further in this assessment. The phthalate

compounds detected (di-n-octyl and di-ethylhexyl phthalates) are not

acutely toxic, and, using the same reasoning as above, any potenttol

for chronic effects in humans is negated by the short term nature of

the worst case exposures. There are insufficient data to estimate

the chronic effects of sediment-bound phthalates to small vertebrates

and invertebrates, and no residues were detected in the water

column. The general ability of this class of chemicals to impair
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reproduction and produce other effects may be a cause for concern

at this site, if it were demonstrated that chronic exposure scenarios

were probable. Di-n-octylphthalate was also detected at the control

sites, and may have been present as a lab contaminant.

16.5 Preliminary Remedial Alternatives

The critical parameters for the sites within the industrial D and P areas

(Sites 7-11,and 20) include cyanide, iron, magnesium, manganese, mercury,

and phthalates. Manganese and iron concentrations in water were above the

Illinois Public Water Supply Standards and Federal V.CLs, but these

concentrations were estimated due to unreliable QA/QC support data and were

not considered to represent any health risk at the levels present. Site II

surface water contained traces of chloroform above the AWQC for human

health, but below the same criteria for aquatic life protection. Phthalates were

detected in several of the sediment samples, but at levels which were not

vastly different from other sites at the Refuge or from Refuge background.

A preliminary evaluation of applicable remedial measures for the

Waterworks tributaries might justify monitoring of the surface waters for

cyanide, iron, magnesium, manganese, mercury, and phthalates. Attachment 1

includes a proposed monitoring plan to address follow-up studies for the

Waterworks Drainage Sites.

16.6 Conclusions and Recommendations

It can be concluded that the Waterworks Drainage sites do not contain

contaminants at levels that would pose a risk to aquatic organisms, wildlife, or

human receptors. Due to continuing industrial activities in the area, it is

recommended that follow-up monitoring for parameters including iron.
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magnesium, manganese, cyanide, and phthalate esters in water be initiated and

continued past the RI/FS investigations. (See Attachment 1). These sites will

not be considered in the FS.
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SECTION 17 - SITE 11, P AREA SOUTHEAST DRAINAGE CHANNEL

17.1 Site Description

;v Area P is an active Olin operation located north of Crab Orchard Lake.
- * •

Section 15.1 contains a description of previous activities at Area P.

Site 11 is located within one of the various drainage channels leading from

the Olin P Area (See Figure 12-1). These channels discharge to Crab Orchard

Lake near the Refuge Waterworks.

17.2 Site Investigations

17.2.1 Phase I Site Investigations:

One composite surface water sample and two composite sediment

samples (0-1 ft depth) were collected. The second sediment constituted a

resampling at the same depth and location for full priority pollutant

analysis.

17.2.2 Phase II Site Investigations:

One Phase I surface water (grab sample) was resampled for mercury

and cyanide analyses, while one sediment sample was resampled for

mercury analysis. This sampling location is shown on Figure 16-1.

17.3 Analytical Results (See Appendix I, Page 10)

17.3.1 Phase I Analytical Results:

The water sample contained TOX levels of 200 ug/L (270 ug/L.

duplicate), bromodichloromethane (3 ug/L). chloroform (31 ug/L) and the

explosive residue HMX at 8 ug/L. No other explosive residues or organic:

compounds were detected. Chloroform levels exceeded the AWQC for
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human health In water but were well below the criteria for protection of

aquatic life. Manganese was detected at 90 ug/L which is above the

Federal MCL of 50 ug/L but below the Illinois water standards; this level

' Is not considered to pose any concerns for health protection. All other

detectable concentrations in water were within Illinois Public Water Supply

Standards and Federal Drinking Water Standards. Metals concentrations

were estimated for screening purposes only. Acetone (252 ug/kg wet wt)

and methylene chloride (47 ug/kg wet wt) were detected in the sediment

sample 11-2, but these were also detected in the QA/QC blanks. The

sediment also contained 63 ug/kg N-nitrosodimethylamine, 11 ug/kg

1,1-dichloroethene (wet wt) and several other volatile organics quantified

below the detection limit. The volatile and semi-volatile organics data for

Phase I are questionable due to QA/QC deficiencies or unreliable support

data. (See Exhibit B). The positive detections reported are thus

estimated values and some compounds which were not detected may In fact

be present. All other sediment concentrations were similar to soil

concentrations detected at the control sites, except mercury (13 ug/kg).

Mercury analysis was repeated in Phase \\ due to questionable calibration

data.

17.3.2 Phase II Analytical Results:

Neither cyanide nor mercury were detected in the Phase 11 water

sample. The Phase II sediment sample contained mercury at 51 ug/kg.

17.4 Environmental Effects

Environmental effects of drainage within the D and P areas are discussed

in Section 16.*.
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17.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for the D and P areas are discussed in

Section 16.5.

17.6 Conclusions and Recommendations

Conclusions and Recommendations for the D and P areas are discussed in

Section 16.6.
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SECTION 18 - SITE 11A, P AREA NORTH

18.1 Site Description

-Located outside of the fence north of the Ofln P Area Is Site 11 A,

consisting of abandoned L-shaped covered walkways approximately 100 feet and

85 feet long which terminate at loading areas (See Figure 18-1). The central

structure contains a loading dock and a steamhouse containing a concrete pit

with about 5 feet of clear standing water. An old roadbed runs west and

north of the structure and draining swales surround all of the buildings. An

abandoned sewer line also runs across the north edge of the site. It has been

reported that contaminants were dumped on the ground outside of the

building.

18.2 Ph"ase 1 Site Investigations

18.2.1 Phase I Site Investigations:

Eight soil and sediment composites (0-1 ft depth) were collected.

One soil (location 11A-3) was resampled and analyzed for the full CLP

analyses.

18.2 .2 Phase II Site Investigations:

One of the Phase I composite samples (1 iA-5) was resampled for

mercury.

18.3 Analytical Results (See Appendix I, page 5).

18.3.1 Phase I Analytical Results:

Magnesium concentrations ranging from 15,100 to 29,900 mg/kg were

found in soils outside three doorways. The magnesium level in drainage
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ditches was generally an order of magnitude lower than the levels

(l/ detected In samples collected near the doorway, and similar to those

concentrations detected at the control sites. Lead concentrations of 130

mg/kg were detected in two soil samples from the north walkway; all

other soils contained lead levels within the ranges detected at the control

sites. The metals concentrations are reported as estimated values. Two

sediments (11A-3 and 11A-4) contained low concentrations of PCBs 0.6

and 0.2 mg/kg wet weight {0.9 and 0.3 mg/kg dry weight). One

sediment was resampled for full analysis after initial FID screening showed

15,568 ug/kg. The sample contained 1,106 ug d'-n-octylphthalate,

and 262 ug/kg N-nitrosodimethylamine; however, these levels are

estimated due to QA/QC deficiencies in the analyses of semi-volatiles (see

Exhibit B).

..»,./
18.3.2 Phase II Analytical Results:

The mercury concentration in the soil sample was 13 ug/kg. No

mercury had been detected in the Phase I analyses.

18.A Environmental Effects

18.3.1 Qualitative Assessment

This site was chosen for investigation based on reports that

contaminants had been dumped on the ground outside of the building,

possible contaminating the surrounding soil and sediment. A concrete pit

containing standing water, drainage swales, and an abandoned sewer line

were viable transport mechanisms for contaminated waste, if present.

The Phase I sampling data indicate that the magnesium concentrations

detected were slightly higher than Refuge background levels, yet were
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not high enough to pose a risk to human health or to the environment.

Traces of lead and dl-n-octyl phthalate were also detected but were below

their respective background concentrations. Mercury levels detected in

'the Phase II sample were above the levels found at the control sites but

were within the range which would be considered common in soil matrices

(Lindsay, 1979). The detected level of 194 ug/kg N-nitrosodi-

methylamine is similar to the levels evaluated at Site 17 (Section 21.4)

where this contaminant was not considered to represent unacceptable risk

levels to humans or wildlife.

Since there is not a "true" waste source at this location, a

"complete" exposure pathway is not possible; it can thus be concluded

that the site does not represent a risk of chemical exposure to potential

human or wildlife receptors.

18.4.2 Quantitative Assessment

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is no basis for preparing a quantitative risk,

evaluation.

18.4.3 Analysis of Uncertainties

The major pieces of information relied upon for evaluating this

location were the verbal accounts of activities on the site, site inspection,

and sample analyses, all of which suggested the area could have wastes

on it. An inspection of the site revealed a number of viable transport

mechanisms through which a potential receptor might receive exposure to

the waste source, if any.
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Chemical residue information was obtained only for the top one foot

of soil; deeper soil borings and ground water monitoring were not

conducted. Since contamination of the site occurred reportedly through

- surface dumping of waste materials, soil contamination is most likely to be

found at the surface. Since there Is no evidence to suggest that the

surrounding soil has been disturbed, these samples should adequately

represent the conditions of the site.

The concentrations of lead and di-n-octyl phthalate detected in the

soil samples are comparable to those detected at the control sites. The

mercury concentrations are not considered to warrant further remedial

action. Likewise, the magnesium concentrations are not considered to

represent a concern or risk of exposure.

It can be concluded that the data generated are adequate for

evaluation of the remedial alternatives for this site. The sampling data

suggest that the soil is not contaminated with harmful concentrations of

waste and therefore does not threaten to contaminate the groundwater or

surface water in the vicinity.

13.5 Preliminary Remedial Alternatives

The analytical results discussed in the previous section indicate that this

site does not contain contaminant levels that would result in a negative

environmental impact. Therefore there will be no further evaluation of

remedial alternatives, and this site will not be included in the FS.

lfl.6 Conclusions and Recommendations

It can be concluded that the P Area North site does not represent a

chemical exposure risk to human or wildlife receptors at the Refuge or at other

locations. No further evaluation i«= re
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